The Monthly Magazine of 


is cm mts = | UML LLL Le 
Manufacturing 


A CONOVER-MAST PUBLICATION 









JUNE 1960 


In this issue: 


@ Machine-Tool 
Electrical Standards 


@ Epoxy Cast Parts 
@ Magnetic Pickups 


@ Brushless 
Synchronous Motor 


Network Analogs for 
Mechanical Systems 


Reliable operation to 150°C e Rugged lightweight construction e Hermetically sealed e High efficiency 


HEAVY DUTY RECTIFIER STACKS 


15—150 AMPS 





DC OUTPUT @ 55°C 
VOLTAGE CURRENT STACK 
CIRCUIT (volts) | (amps) TYPE NUMBER 





» BRIDGE 379 96 TH6F40GIA1 
3 @ BRIDGE 45 96 TH6FOSGIAI 
® BRIDGE 250 78 TH4B40G1A1 
» BRIDGE 123 8 TH4B20G1A1 
@ BRIDGE 27.5 18 TH4BO05GIA1 
@ HALF WAVE 2400° 40° TK6H40G1A6 





"RATINGS ARE PEAK INVERSE VOLTAGE AND AVERAGE FORWARD CURRENT 





BULLETIN TE 1343 


5—50 AMPS 


DC OUTPUT @ 55°C 
VOLTAGE CURRENT STACK 
CIRCUIT | (volts) (amps) TYPE NUMBER 


3» BRIDGE 379 
3 @ BRIDGE 445 
l¢ 
l« 








TK6F40E1Al 
TK6FOSE1A1 
TK4B40E1Al 
TK4B20E1A1 
TK4BO05E1Al 
TK6H40E1A6 


» BRIDGE 249 

» BRIDGE 122 
1 » BRIDGE 26.5 
1 @ HALF WAVE 2400° 


*RATINGS ARE PEAK INVERSE VOLTAGE AND AVERAGE FORWARD CURRENT 
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0—12 AMPS 


DC OUTPUT @ 55°C 
VOLTAGE CURRENT STACK 
CIRCUIT (volts) (amps) TYPE NUMBER 





6 @ STAR 188 12 
3 » BRIDGE 1134 

3 @ BRIDGE 377 

1 @ BRIDGE 252 

] 

1 


TD12S4C2A1 
TD12F6B1A2 
TD12F4C2Al 
TD12B4C3A1 
TD12B4C1A3 
TDI2H6BIA12 


» BRIDGE 748 
HALF WAVE 2410 
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Now, from Transitron, industry’s most 
complete line of compact, rugged silicon 
rectifier stack assemblies. Aside from the 
already popular low current TD series 
comes Transitron’s NEW HEAVY DUTY 
TK and TH series which give wide ranges of 
current and voltage ratings for military, 
industrial and commercial applications. 


OTHER ff’ * 


TRANSITRON ae 
SILICON ae 


All feature high reliability under extreme | Se 


environmental stress, give efficient, con- 
servatively rated operation in power sup- 
ply and magnetic amplifier service. 


Contact our nearest field office, distrib- 


utor or write direct for specific recom- 
mendations for your application. 
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HIGH VOLTAGE ASSEMBLIES 


100,000 RUGGED MILES! 


Still in excellent operating condition after more 
than 100,000 miles of demanding performance, 
Transitron’s TH series stacks are installed in 
the electrical circuits between generators and 
batteries of several diesel locomotives in serv- 
ice on one of the East's largest rail transporta 
tion lines 


PRODUCTS 
FOR 
HIGH POWER 
USE 


50 AMP TRANSISTORS $, 


yy RECTIFIER 
8 ASSEMBLIES 


‘Tra ngitron 


electronic corporation 


wakefield, boston, melrose, mass. 
Leadership in semiconductors 
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Frequency Time Standard 
instruments, selected by 
Smithsonian Institution to 
clock satellites, are 
equipped with New 
Departure ultra-precise 
ball bearings. 


Photos: Courtesy Ernst Norman Laboratories 
and Bodine Electric Co. 


"“® U/rra Precise Ball Bearings 
Help 'Clock’A Satellite / 


CUSTOMER PROBLEM: 


Require ultra-precise bearing design for Bodine 
electric motor used in satellite-tracking micro- 
clock. Bearings must provide uniformly low 
starting torque, precise location of rotor shaft 
and minimum maintenance, to help mechanism 
achieve time determinations to 0.001 second. 


SOLUTION: ¢ 

N/D Sales Engineers studied special bearing 
requirements, and recommended New Depar- 
ture ultra-precise ball bearings. These ball 
bearings measured up to every requirement for 
micro-clock motors . . . thanks to New Depar- 
ture’s advanced equipment for research, devel- 


by) 
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BALL BEARINGS 
proved reliability you can build around 


opment and production. N/D equipped micro- 
clocks, selected by the Smithsonian Institu- 
tion, are operating in a dozen locations around 
the world, keeping track of vital satellite move- 
ments ... to one milli-second and better! 


If you’re manufacturing or designing electric 
motors for any high precision applications, in- 
cluding instruments, why not call on New Depar- 
ture? N/D engineering and research facilities 
are turning out the latest in high precision 
instrument ball bearings and advanced ball 
bearing designs. For more information write 
Department LS, New Departure Division, 
General Motors Corporation, Bristol, Conn. 
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Only the (Inmanco family of 
WEDGES gives you so complete a 
selection of materials, shapes, 
sizes, and designs at so low 


a cost. 


@ Choose from stock wedges or wedges engineered to your 


exact specifications. 


@ Wedge materials for every requirement, including Mylar® 
polyester film, hard maple wood, fibre, canvas, asbestos, 


glass reinforced plastics, and others, 
@ INMANCO® wedges provide maximum properties for 


any specified wedging application. 


INMANCO-MYLAR® square-formed unsupported 
film wedges feature new and improved quolities 
—permanent, tough, space-saving thin wall, hol- 
low shapes; high dielectric, thermal, and chemi- 
cal resistance. 


INMANCO® tapered wood wedges are uniquely 
made in a wide range of thicknesses, widths, and 


lengths, with ony degree of taper. 


Write today for the 
(iMGREH Manual describ- 
ing in detail the complete 
line of wedges. And, if you 
wish, request free samples. 


INMANCO-HAYSITE® glass rein- 
forced polyester wedges in a variety 
of solid shapes for tough, exacting 
wedging within Class A or B tempero- 
ture ranges. 


=! 


INMANCO LECTON-ORLON® MAT spacesaving, 
square-formed wedges for Class B temperature 
applications and hermetic motor wedging. Various 
sizes from either .015” or .028” materials. 


precision-molded in a variety of solid shapes, are 
tough, resilient, and meet Closs B temperature 
requirements. 


moisture resistance. 
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Close-up view showing (IRMGMED) curve-formed fibre wedge partially 
inserted in a motor stator. Square-formed fibre wedges are also in the 
INMANCO® wedge family. 


INMANCO® wood wedges of tough, straight 
grain, hard maple to resist breakage or splin- 
tering for lowest cost wedging. Widest variety of/ 
precision-molded shapes. 


INMANCO® G-7 silicone glass cloth wedges 
which are machined to solid shapes combine 
maximum mechanical and dielectric properties 
for stable Class H wedging. 


+ INMANCO-MYLAR® lined curve- 
formed fibre and square-formed rag 
poper wedges improve properties of 
fibre and paper for greater mechan- 
ical and dielectric strength, and 


INMANCO-CONOLITE® polyester 
laminate wedges designed for spe- 
cific slot-size wedging.. 
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Cast-on 
Assembly 


Better contacts cost less. . 


MALLORY CONTACT SERVICE ALSO GIVES YOU... 


SPECIALIZED CONTACT ASSEMBLY. 
When Mallory does the complete 
job of assembling contacts and 
backing members for you, you 
save time, trouble and money. 
Our extensive facilities include 
many types of specialized, auto- 
matic machines that do diversi- 
fied jobsat low unit costs. We have 
a broad range of equipment and 
methods for assembly by rivet- 
ing, welding, brazing or casting. 
Let us bid on your next job. 


147 DIFFERENT CONTACT MATERIALS. 
From Mallory basic metallurgi- 
cal research, using such appara- 
tus as this special vacuum furnace 
to investigate methods of im- 
pregnation, annealing and sinter- 
ing, we have developed a line of 
147 contact materials. You are 
sure to get the combination of 
hardness, conductivity, strength, 
are erosion resistance and cost to 
fit every contact application, 
from the toughest to the tiniest. 
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.when Mallory engineers them 


You may be paying extra for contact design ‘‘frills’” . . 
or an unnecessarily complex design . . . or even a basically 
simple design that causes added production operations. 


Mallory contact engineers are experts in eliminating un- 
essential contact costs. For instance, they may recom- 
mend a different contact or backing material, which 
meets service requirements just as well, but costs less 
or makes assembly easier. Or they may modify your 
design to permit use of high-speed automated assembly 
machines. They can even develop completely new designs 
for you, aimed at maximum value at lowest costs. 


Here are just a few examples of Mallory cost savings thru 
contact engineering assistance: 

LEAF CONTACT ASSEMBLY —costs cut 20% by designing to 
allow automatic fabrication. 


CIRCUIT BREAKER CONTACT PLUNGER—costs cut 20% by 
modifying multiple-part assembly to one-piece design . . . 
change added strength, reduced weight, too. 


AUTO RELAY CONTACT—costs cut 40% by simplifying 
method of joining contact disc to base member. 


CIRCUIT BREAKER CONTACTS—cost cut 32% by switching to 
more economically fabricated material. 


VOLTAGE REGULATOR CONTACT—costs cut 25% by elimi- 
nating non-functional machining operations. 
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UTILITY BREAKER CONTACTS—costs cut 50% by changing to 
less expensive contact material, still adequate for job. 


HEAVY-DUTY SWITCH CONTACTS—costs cut 48% by simpli- 
fied machining, more economical raw metal stock .. . 
adding extra strength by change. 


Our design recommendations are backed by over 40 
years’ contact experience. Designs are proved in our 
laboratory by performance tests under actual use con- 
ditions. Materials and construction methods are evalu- 
ated through arc erosion, endurance and related tests. In 
addition, our thorough cost analysis of each design assures 
lowest cost for optimum performance and quality. Bring 
your contact design problems to us. Write or call for 
a consultation. 


Mallory Metallurgical Company 
Indianapolis 6, Indiana 
_a division of 
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In this ISSUE 


Components, Electrical / Electronic 
Transducers 


Your Classification: 


Magnetic Pickups—Operation and 
Applications 


The magnetic pickup consists essentially of a permanent 
magnet and a coil in which a signal is generated when the 
field of the magnet is disturbed. Details regarding its char- 
acteristics, particularly the nature of the signal output for 
various conditions, and many practical application schemes 


are given, 


D. Elam and L. A. Thacher, Electro Products Laboratories, 
Inc., Chicago, Il. 


Electrical Manufacturing 


1960 June p 86 5 pp 


Basic Science and Engineering 
Physics 

Control 
Theory 


Your Classification: 


% Network Analogs for 
Mechanical Systems 


The step-by-step logic underlying the use of electrical net- 
works for analogy-solution of other systems is presented, sup- 
ported by selected references. Simple equivalent mechanical 
systems and passive electrical networks are developed, and 
lead to definition and application of principles of dual and 
active circuit analogs. 


J. J. Hupert, De Paul University, Chicago, II. 


Electrical Manufacturing 


1960 June p 105 20 pp 


Components, Electrical / Electronic 
Design Considerations 
Miniaturization 


Your Classification: 


* = Materials and Techniques for 
Microminiaturization — 2 


Conclusion of a two-part article giving the details of the 
current state of the art of microminiaturization of electronic 
components. This section covers capacitors, protective cover- 
ings, inductors, and solid-state diodes and transistors. Also 
includes current advancements in integrated and functional 
solid circuitry. Extensive bibliography. 


P. J. Franklin and E. F. Horsey, Diamond Ordnance Fuze 
Laboratories, Washington, D. C. 
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Materials, Electrical /Electronic 


s Your Classification: 
Electrical Insulation and Dielectrics 


Cast-Resin Applications in 
Switchgear and Transformers 


In contrast to practice in the United States, where cast resins 
are primarily used for embedment and encapsulation of elec- 
tronic components and circuit assemblies, European engineers 
have made wide use of these resins (particularly epoxies) in 
switchgear and transformers. This article describes applica- 
tion techniques and illustrates typical designs. 


Wilhelm Johann Karl Oburger, Deputy Director, Austrian 
Productivity Center, Vienna, Austria. 


Electrical Manufacturing 1960 June p 90 4 pp 


Your Ciassification: 
Integral-Horsepower 


The Brushless Synchronous Motor 


Elimination of brushes and contacts in synchronous motors 
is accomplished by the use of silicon controlled rectifiers. A 
system is described in which such motors can be started like 
induction motors, and in which the adjustable power factor 
correction feature of synchronous motors is retained. 


G. M. Rosenberry, Jr. 
N. Ss 


General Electric Co., Schenectady, 


Electrical Manufacturing 1960 June p 125 4 pp 


Design Considerations 
Specifications and Standards 
Components, Electrical /Electronic 

Motors 


Your Classification: 


% Machine Tool Electrical Standards 


First revision since March 1956 of the Electrical Standards 
sponsored by the National Machine Tool Builders’ Association. 
Present version, developed especially for machine tools, was 
proposed on September 1, 1959 and adopted January 25, 1960 
with interim revisions. These standards are frequently used 
as the basis of purchase specifications. 


National Machine Tool Builders’ Association, Washington 7, 
D.C, 
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e Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


% Reprints available—see pages 196 and 208 


For your copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 938 on postcard at end of book. 


Y 8 
Danes A Rioves our Classification 


Drives 
Electrical 


Sophisticated Controls Highlight 
Machine Tool Forum 


Digest of selected papers presented at the 24th Annual West- 
inghouse Machine Tool Electrification Forum. Numerical 
control, servo systems and variable-speed drives are empha- 
sized, 


Staff Report. 


Electrical Manufacturing 1960 June p 94 4 pp 


Your Classification: 
Input-Output Equipment 
Control 
Case Histories 


The Recognition of Typed Characters 


The automatic conversion of the typed word to electrical 
form is the key to the automatic handling of typed messages. 
In this case history, the major functions of the equipment, 
the processing of viewed characters, and the recognition prin- 
ciple are described. Additional applications are cited, 


William W. Deckert, Communications Department, United 
States Army, Signal Research and Development Laboratory. 


Electrical Manufacturing 1960 June p 129 5 pp 


Your Classification: 
Electrical 


Conveyor Drive Using 
Eddy-Current Coupling 


The drive of a long conveyor belt is complicated by the fact 
that the first portion of the belt may be well up to speed 
before the opposite end has even started to move. Special 
contro] of the initial and accelerating torques are required. 
In this case, they are provided by eddy-current couplings 
driven by synchronous motors. 


S. L. Nelson, Eaton Manufacturing Co., Cleveland, Ohio 


Electrical Manufacturing 


1960 June p 160 2 pp 
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Materials, Mechanical /Structural Your Classification: 
Metals 


Non-Metallic Materials Design Considerations 
Adhesives Materials Selection Factors 


Transformer Structural Materials 
For Extreme Environments 


A study of materials in the design of transformers to operate 
at 500 C under a nuclear-radiation environment. Evaluations 
of metallic and nonmetallic materials for the case, core and 
coil units, and associated hardware are described, together 
with detailed valid conclusions. Included are design parameters 
for filler materials, metal structures, coil impregnants, ad- 
hesives for potting and brazing filler materials in overall 
transformer design. 


H. E. Barkan, Associate Editor, ELectricAL MANUFACTURING. 
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Components, Mechanical /Structural Your Classification: 


Bearings 


Factor-of-Ten Improvement in 
Ball-Bearing Accuracy 


Precision instrument bearings are now meeting the exacting 
dimensional tolerances of aero-space gyros. 


William G. Denhard, Massachusetts Institute of Technology, 
Cambridge, Mass. 


Electrical Manufacturing 
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COMING UP... 


Treated in the July issue’s Science & Engineering article, 
19th in the current series, will be the subject of Basie Differ- 
ential Equations for the design engineer. Also covered 
will be: Thin Films for Potentiometers, Critical Dimen- 
sions for Gears, Radiation Effects on Transistors, 
Silicone vs Organic Encapsulants, Requirements of an 
Automated Post Office, Reliability Theory Applied to 
Electronic Systems, Digital Computer Applications, 
Transistor NOR Circuits, and a Staff Report on the 1960 


Oklahoma Relay Conference. 





for mechanical stability and extended motor life! 


After extensive research into new materials and methods, 
Elliott Company, a division of Carrier Corporation, has de- 
veloped the first really mechanically-adequate silicone in- 
sulation system—with “Porter’’ Silicone Tape. Vulcanized 
into a void-free homogeneous structure, ‘Porter’ Silicone 
Tape provides outstanding mechanical and sealing properties 
for applications requiring class H insulation. In addition to 
flexibility and moisture protection, the Elliott “Fabri-Lastic”’ 
system provides durability and toughness as well as excel- 
lent thermal stability at high temperatures. 

Thermoid Division offers the widest range of silicone tapes 
on the market today. And continuous research and develop- 


THERMOID DIVISION 


ment is being conducted to make available silicone elastomer 
materials with characteristics to meet Customers’ constantly 
changing needs. Thermoid Division engineers are available 
to work with you, as they worked with the Elliott Com- 
pany, to develop the right combination of = >> 
silicone elastomer and compatible ma- 
terials for your requirements. 

For fresh stocks of “Porter” Silicone 
Tape or information on special design 
characteristics, write Thermoid Division, 
H. K. Porter Company, Inc., 200 Whitehead Ask tor this free 


a brochure with ac- 
Road, Trenton 6, Pas. tualtape samples. 


H. K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, electrical wire and cable, wiring 
systems, motors, fans, blowers specialty alloys, paints, refractories, tools, forgings and pipe fittings, roll formings and stampings, wire rope and strand. 
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RESEARCH Horizons 


Edited by Atex. E. Javirz, Special Features Editor 


ASTM Emphasis 
On Basic Science 


An all-day program under the wing 
of ASTM’s new Division of Materials 
Sciences will feature the 63rd annual 
meeting of the Society to be held June 
26-July 1 at the Chalfont-Haddon Hall 
Hotel, Atlantic City, N. J. The program 
(to be given on June 27) will com- 
prise two symposia. 

In the first session, “Symposium on 
Recent Progress in Materials Sci- 
ences,” the following four papers will 
cover recent advances in_ solid-state 
theory and application and the rela- 
tion of structure to properties of ma- 
terials: 


“Accomplishments and Limitations of 
Solid-State Theory,” Harvey Brooks, 
Harvard University. 

“The Influence of Surfaces on the Prop- 
erties of Materials,” M. J. Sinnott, Uni- 
versity of Michigan. 

“Mechanical Properties of Semiconduc- 
tors,” J. N. Hobstetter, University of Penn- 
sylvania. 

“Status of Ductile Ceramic Research,” 
FE. R. Parker, University of California. 


In the second session, “Symposium 
on the Nature and Origin of Strength 
of Materials,” five speakers will ap- 
proach the strength property from dif- 
ferent viewpoints: 


“Dislocation Motions and the Yield 
Strength of Solids,” J. J. Gilman, General 
Electric Co. 

“Fatigue Strength of Crystalline Solids,” 
G. M. Sinclair, University of Illinois. 

“Resistance to Creep Deformation and 
Fracture in Metals and Alloys,” Frank 
Garafolo, U. S. Steel Corp. 

“Brittle Fracture and the Strength of 
Metals,” E. T. Wessel, Westinghouse Elec- 
tric Corp. 

“Size and Shape Effects on Fracture of 
Solids,” George Irwin, U. S. Naval Research 
Laboratories. 


New Developments in 
High-Strength Glass-Filled 
Plastics Compounds 


A new “high-strand-intensity” (HSI) 
glass reinforcement for polyester tere- 
phthalic and isophthalic systems is 
now being field-evaluated and promises 
to open new application areas for glass- 
reinforced molding compounds. The 
HSI reinforcement (an Owens-Corning 
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Fiberglas development) has been found 
to improve the compound flow, result- 
ing in a more uniform fiber distribution. 
There is no loss in strand integrity. 

The homogeneity of the HSI mix 
permits the molding of the more diffi- 
cult large-area, thin-walled parts and 
improves the surface and physical con- 
sistency of the entire part. Initial tests 
of parts molded of HSI compounds in- 
dicate that strengths approaching those 
of mat and preform molding can be 
achieved without sacrificing the low ma- 
terial cost and rapid molding cycles 
of present polyester compounds. 

Other new developments include 
glass-reinforced grades of Delrin acetal 
resin and Teflon 100X molding com- 
pounds. (See “Plastics Molding Ma- 
terials for Structural and Mechanical 
Applications,” ELectricAL MANUFAC- 
TURING, May 1960, p 59.) 


Radioactive 
Battery 


A capsule containing the active ma- 
terials and an associated thermopile 
constitute the two major elements in 
a radioactive battery covered by U. S. 
Patent No. 2.913,510 and currently 
made available for public use by the 
Atomic Energy Commission. 

The capsule has a double function: 
it is a radiation safety-shield and an 
energy converter. The intense radio- 
active decay taking place inside is con- 
verted to useful heat at the capsule 
surface. The heat is conducted to the 
hot thermojunctions of a thermopile. 
The temperature difference between 
the hot and cold junctions causes an 
electrical current of a constant magni- 
tude to flow. 


Rare-Earth Metals 
Research in Russia 


The creep resistance of magnesium 
alloys at elevated temperatures ap- 
parently can be improved by the addi- 
tion of the rare-earth metals of the 
lanthanum-neodymium series. Work in 
this direction (at temperatures up to 
600 or 800 C) has been pursued at the 
Soviet Academy of Sciences Institute of 
Metallurgy. Specifically, a substantial 
improvement in creep resistance was 


obtained in the widely used Russian 
magnesium alloy ML-5 (8.5 per cent 
Al, 0.5 per cent Zn, and 0.2 per cent 
Mn) which normally exhibits a low 
resistance to creep at somewhat ele- 
vated temperatures. [A report on the 
Russian work with the rare earths has 
appeared in the British technical press 
(Engineering Materials and Design, 
February 1960 issue) .] 

The addition of lanthanum, praseo- 
dymium and neodymium has also served 
to increase the tensile strength of mag- 
nesium. The most effective of the rare 
earths for the improvement of the me- 
chanical properties of magnesium is 
neodymium, probably due to its high 
degree of solubility in magnesium. 

In addition to their studies in mag- 
nesium, the Russian scientists have also 
investigated the effect of rare-earth 
metals on high-melting iron-titanium- 
chrome alloys. Experiments with intro- 
duction of rare-earth metals into steel 
and iron were only recently begun, but 
it has been established that the addi- 
tion of rare-earth metals greatly im- 
proves ductility. 


Transparent Gallium Phosphide 
For Semiconductor Research 


The availability of optically transparent 
single-crystal gallium phosphide, an- 
nounced by the Bell Telephone Labora- 
tories, is expected to aid further studies 
in the behavior of high-energy-gap 
semiconductors. It should be possible 
to observe visually the differences that 
take place under various conditions of 
doping and electron density. 

The results of such studies should be 
applicable to other semiconductor com- 
pounds that are derived from Groups 
III and V of the periodic table of the 
elements and from which gallium phos- 
phide stems. These compounds include 
gallium arsenide and indium antimo- 
nide, already used in devices such as 
the Esaki tunnel diode. 

The preparation of single-crystal 
gallium phosphide reported by BTL 
has been subject to many difficulties. 
The primary problem is decomposition 
at temperatures near the melting point 
unless a high-pressure gaseous phos- 
phorus atmosphere is provided. In the 
BTL work, special equipment had to be 
constructed to withstand the required 
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high pressures. The floating-zone melt- 
ing technique was employed for single- 
crystal growth. Single crystals about 
“4 in. long by 14 in. square have been 
obtained. 

In addition to the floating-zone tech- 
nique, a reaction method has 
used for the growth of small 
single crystals. This method involves a 
(GaQz) 
and phosphorus in the vapor phase. The 
crystals show a “whisker” form. They 
n-type semiconductors, al- 
though they can be “doped” to provide 


vapor 
been 


reaction of gallium suboxide 


are usually 


Research Note 


the p-type. On the basis of resistivity 
measurement calculations, the free car- 
rier concentrations are 10'! to 10% 
per cu cm. 

Diffused and alloyed-type gallium 
phosphide diodes also have been pro- 
duced. Experimental diodes have per- 
formed well at temperatures up to 500 
C. Breakdown voltages up to 35 volts 
and rectification ratios up to 3 10° 
have been recorded. 


Micro-Notes .. . 


Experimental as well as_ established 
cooling systems for ground-based Air 
systems will be the 
subject of a broad research program 
recently initiated at Battelle Memorial 
Institute. The program will 
such devices as high-speed centrifugal 


Force electronic 


consider 


compressors, Peltier cooling units, and 
the Stirling and azeotropic cycles. . . 
A newly formed medical instrumenta- 
tion group will draw on Minneapolis 
Honeywell work and experience in in- 
dustrial instrumentation, automatic 
control, and techniques such as data 
handling to develop new medical in- 
struments and devices. . . . An ex- 
tremely rapid and precise magnetic- 
field plotting system has been developed 
and put into operation for use in the 
design of a magnet for the new Oak 
Ridge Isochronous Cyclotron (ORIC). 
The system automatically programs and 
positions an extremely sensitive ele- 
ment that provides a voltage signal di- 
rectly proportional to the strength of 
the magnetic field. A thin semiconduc- 
tor wafer 1/32 in. square forms the 
probe. 


Capacitor-Discharge Lamps—A New Tool for Extreme-Temperature Research 


EXTREMELY 
able to 


HIGH TEMPERATURES, compar- 
those obtainable in solar and 
shock tubes, 
can be developed by means of capacitor 
discharge lamps. A new heat source is 
thus available for the investigation of a 
great many materials that 
are required to endure extreme conditions. 


arc-image furnaces and in 


reactions in 
The principle that single-pulse operation 


of a produce instantaneous 
excess of its 


device can 
effects far in continuous 
capacity has been applied in the design of 
this apparatus. Capacitor-discharge lamps 
operate on this principle to obtain an 
increase of 10° to 106 in optical flux 
over the maximum continuous output 
from the same lamp. With 
simple commercial flash ap- 
millisecond bursts at rates as 
high as 20 kw/sq cm as combined ul- 
traviolet, visible, and infrared radiation 
easily obtained. This is in an 
energy-flux range similar to many more 
costly arc-image and solar furnaces. 
Figure 1 shows schematically the ap- 
paratus used for the irradiations. Figure 


obtainable 
relatively 
paratus, 


can be 


Fused 
silica 


Fig. 1— Capacitor-discharge lamp for 
intense flash heating provides new tool 
for materials research for extreme tem- 
perature conditions. 
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2 is a plot of total energy output per 
flash obtainable from a commercial spiral 
rare-gas lamp, the G. E. FT 524, fired at 
various energies per flash. An aluminum- 
foil reflector has been added to the lamp 
to give the upper curve. 

When fluxes as large as these are ab- 
sorbed by solid bodies, high instantaneous 
temperatures can be reached, depending 
upon the shape and size of the ab- 
sorbing body and the thermal conductivity 
of the surroundings. Figure 3 shows the 
temperature rises calculated for graphite 
spheres, cylinders and sheets of various 
radii or thicknesses suspended in a liquid 
hydrocarbon or in vacuo and flashed with 
2.5 millisec pulses of 4 kw/sq cm. Be- 
cause of the short pulse nature of the 
radiation, the particles in vacuo with the 
smaller volumes tend to reach higher 
temperatures, ultimately the brightness 
temperature of the lamp. When, however, 
there is a finite thermal conductivity in 
the surroundings (such as in the case 
of the hydrocarbon matrix), the temper- 
ature rise of spheres and cylinders falls 
off at very small dimensions owing to 
strong cooling as the area/volume ratio 
increases. 

Since the chemical effects of such high 
temperatures are considerable, the tech- 
nique has been investigated in the 
Chemical Research Department of the 
Bell Telephone Laboratories as a general 
method for starting vigorous thermal 
reactions of many sorts. Desorption, va- 
porization, melting, thermal etching, ex- 
plosion, burning, and thermal decom- 
position (pyrolysis) all have been initiated 
in a wide range of substances as Jong 
as two requirements are met: (1) that 
small bits of absorbing solids are dispersed 
in (2) an insulating transparent surround- 
ing medium. 

The transparent surroundings may be a 
vacuum into which tungsten, carbon, 
molybdenum, quartz, glass, and many less 
refractory materials have been almost 
explosively evaporated from wires, pow- 
ders, and thin foils. The temperatures 
needed to evaporate the first of these 


materials certainly must be above 3000 C, 
agreeing with the curves in Fig. 2. 

When the surroundings are gaseous, 
thermal decomposition and explosions of 
the gases can be initiated even though 
the optical energy itself is not absorbed 
and has no effect without the absorbing 
solids. Methane (CH,) and ethane (C,H,) 
have been converted to carbon, hydrogen, 





Fig. 2— Total optical flux of G.E. 
524 flash lamp fired at 4 kv. 
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Fig. 3— Temperature rise of variously 
shaped bodies heat-flashed in a vacuum 
hydrocarbon matrix. Dimension r_ is 
radius of sphere or cylinder, or thickness 
of plate. 
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and other tragments in this manner. 
Also, explosions of hydrogen-oxygen and 
methane-oxygen mixtures have been started 
in times well under a millisecond. 

When solid absorbing bodies are sus- 
pended in a liquid which does not boil 
too readily (such as an oil or glycerine) 
and exposed to the flux from the flash 
lamps, very intense heating effects are 
observed. First, the particles can evaporate 
and recondense as smaller particles, as in 
the case of zinc or bismuth powders. Here, 
for example, 40-micron bismuth was con- 
verted into 2-micron particles in a glycerine 
suspension. 

If the solid particles do not evaporate 
at low temperatures, the liquid itself may 
react, as in the case of a mineral oil 
which contained suspended tungsten par- 
ticles. Large quantities of carbon were 
formed in the flash, the oil turned yellow, 
and it became brilliantly fluorescent un- 
der ultraviolet light. Without the tungsten, 
no reaction occurred in the flash. 

Solid absorbers suspended in a trans- 
parent solid (such as a plastic) can induce 
large thermal effects, especially if gaseous 
products are formed. The decomposition 
of many plastics has been observed in this 
fashion, ranging from the soft polyisobuty- 
lenes to the thermally stable fluorinated 
polymers such as_polytetrafluoroethylene. 
The conditions here are similar to those 
encountered by a space vehicle entering 
an atmosphere, which has led to testing 
the degradation of polyethylene and _ poly- 
propylene at temperatures of 850 C. 


Research Note 


SUCH FRONTIER AREAS as space exploration, 
automation, and miniaturization are sub- 
jecting electronic equipment to new and 
complex uses as well as extreme environ- 
ments. In these applications the need for 
accuracy on the production line becomes 
increasingly important. In the missile field, 
for example, it is estimated that reliability 
above 90 per cent can be achieved only 
if each component has not more than a 
1-to-1000 probability of failure. To produce 
components having the necessary uniformity 
and accuracy requires a chain of calibra- 
tion leading from the assembly line back 
ultimately to the precise electrical stand- 
ards maintained for American science and 
industry by the National Bureau of Stand- 
ards. Although manufacturers often attempt 
to calibrate their own working standards, 
these working standards lose much of their 
value if they are not calibrated in terms 
of the national standards. 

In an effort to meet these urgent needs, 
the Bureau’s Radio Standards Laboratory 
in Boulder, Colorado, is expanding its 
program of standards research and calibra- 
tion services. At the present time, stand- 
ards are being established or improved for 
frequency, power, attenuation, voltage, im 
pedance, noise, field strength, interference, 
conductivity, dielectrics, and magnetics. In 
addition, a new laboratory has recently 
been activated to study radio properties of 
materials with advanced techniques. 

Atomic Frequency Standards. The 
physical quantity most important to the 
electronic field is frequency. To make the 
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Vacuum wax 


Fig. 4 


Recently, the technique has been applied 
to short-time, high-temperature spectro- 
scopy. The cell containing fine grids, shown 
tn Fig. 4, has been placed in front of 
a spectrograph. By discharging the lamp 
around the cell, a cloud of extremely 
reactive molecules called free radicals 
which last about 10-3 sec are formed 
around the very hot grids. During this 
lifetime period, there is discharged a 
second smaller flash lamp which is focussed 
through the cell onto the slit of the 
spectrograph, If the second recording flash 
is timed properly, an absorption spectrum 
of the free radicals can be observed on 


Standards and Calibration Research 


national standards of frequency and time 
intervals readily available, radio broad- 
casts are made continuously from WWV 
in Beltsville, Maryland, and from WWVH 
in Maui, Hawaii. In addition, a 60-ke 
experimental station broadcasts from Boul- 
der, Colorado. The Radio Standards Labo- 
ratory monitors WWV _ continuously. Its 
frequency is measured daily in terms of 
extremely accurate atomic standards. With 
recent improvements in technique, com- 


Fig. 1 


Transparent 
quortz 


- Cell for spectroscopy of rapid thermal reactions. 


the photographic plate of the spectrograph. 
In this manner, the CH, radical, benzene, 
ethylene, acetylene and carbon atoms, 
which are thermal breakdown products of 
methane, have been observed during the 
millisecond period following the heating 
flash. The CH, radical has not been ob- 
served by purely thermal processes previ- 
ously. Information on these radicals and 
atoms should be of considerable interest in 
studying how materials decompose or react 
at high temperatures, 

L. S. NELSON 

Bett TeLePHONE Laporatories, IN¢ 

Murray Hill, New Jersey 


parisons can now be inade to a part in 
100 billion. 

Experiments in the search for more 
accurate standards of time and frequency 
have shown that standards based on un- 
varying properties of atoms are more pre- 
cise than astronomical or quartz-crystal 
standards. Atomic standards are also 
simpler and more completely understood. 
They do not have the specular variations 
inherent in astronomical time, nor do they 


Atomic beam frequency standard depends on the transitions of cesium atoms 


from one energy state to another. The U-shaped resonant cavity used to excite the 
cesium transition is suspended above the center of the machine. 
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suffer from the aging effects of quartz. In 
addition, they measure time and frequency 
very quickly, in contrast to delays of 
months or years necessary for evaluation 
of other systems. 

Recent improvements in atomic  fre- 
quency standards are opening up new pos- 
sibilities in science and engineering. For 
example, atomic clocks provide high-reso- 
lution spectroscopic techniques that can be 
used to probe deeper into the molecule, 
atom, and nucleus 

The atomic beam frequency standards 
under development in the Radio Standards 
Laboratory depend upon the transitions of 
cesium atoms from one energy state to 
another (Fig. 1). These transitions can 
occur by the absorption or emission of an 
electromagnetic wave of a very definite 
frequency. This frequency is determined 
by the difference in energy of the two 
states involved in the transition. For an 
isolated atom, the energy difference of 
these states—and consequently the emitted 
or absorbed frequency—is invariant. Of 
course, the apparatus used to observe the 
transition disturbs the atoms, and_ they 
can then no longer be considered isolated. 
However, the atomic beam technique creates 
the least such disturbance of all current 
methods. For this reason, it is believed that 
it provides the most accurate frequency 
standard, although perhaps not the most 
precise, 

A new cesium-beam standard, designed 
to have a somewhat higher precision than 
previously obtainable, has just been com- 
pleted. Preliminary results (as of October 
1, 1959) indicate that its precision and 
accuracy is 6 parts in 100 billion, compared 
to 7 parts in 100 billion for the prede- 
cessor machine. Two ammonia masers are 


=== = | 


Fig. 2 


being used to study the character of the 
radiation which excites the cesium tran- 
sition. 

Electronic Calibration Center. For 
quantities other than frequency, the Radio 
Standards Laboratory disseminates its 
standards and measurement techniques to 
the nation mainly through its Electronic 
Calibration Center, established in 1958. 
The primary mission of the Center is to 
interlaboratory standards for 
such quantities as voltage, power, and im- 
pedance in terms of the national standards 
maintained by NBS. These interlaboratory 
standards, in turn, are used to assure the 
accuracy of reference and working stand- 
ards. 

Low frequency (zero to 30 ke) instru- 
mentation now provides for the calibration 
of resistors, bridges, potentiometers, ca- 
pacitors, inductors, standard cells, elec- 
trical instruments, ratio devices, and instru- 
ment transformers. Within recent months 
the Center has received a transformer-type 
capacitance bridge, constructed by the 
Electricity and Electronics Division, that 
will extend the capacitance calibration 
range for low frequencies downward to 1] 
micro-picofarad. By modifying 
ratio sets and associated equipment, it is 
expected that the frequency range of cur- 
rent and potential transformer calibrations 
will be extended, within the year, from 
60 to 400 cps. 

To date, the saturated cells used by 
the low-frequency unit to maintain the 
volt have been kept at a reasonably con- 
stant temperature in an air bath. A new 
oil bath that is now being completed should 
increase certified accuracies five times over 
the current accuracy of 0.001 per cent. 

High-frequency voltage is now being 
calibrated at fixed frequencies ranging 
from 30 ke to 400 mc. Consoles from 30 
ke to 100 mc cover from 0.2 to 500 volts. 
The 300 and 400 mc console covers from 
0.2 to 100 volts. A microvolt calibration 
console, which is nearly complete, will 
extend from 1 microvolt to 0.1 volt, using 
the fixed frequency sources of the volt- 


calibrate 


existing 


- Experimental setup for evaluating the tensor permeability properties of ferrite 


materials, The ferrite (in cavity at center of electromagnet) is measured at 1060 me. 
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meter consoles. Most of this hf voltage 
calibration is to an accuracy of 3 per cent. 
The range from 30 ke to 10 mc, however, 
is being calibrated to an accuracy of 2 
per cent, and it is hoped that during the 
next year this accuracy can be extended 
to 0.25 per cent. 

Materials. An understanding of the 
properties of materials at radio and micro- 
wave frequencies is important to advances 
in radio technology where new discoverie. 
often depend on knowledge of the he 
havior of different substances. For this 
reason, the Radio Standards Laboratory 
has established a new facility to study 
the interactions between electromagnetic 
waves and matter. Molecular beam tech- 
niques, radio and microwave spectroscopy, 
gyrators, nuclear resonance, ferromagnetic 
resonance, paramagnetic resonance, and 
microwave solid-state amplifiers are among 
some of the research tools. They will be 
used to investigate molecular, chemical, 
and liquid- and solid-state problems; di- 
electric, magnetic, and semi-conductor phe- 
nomena; and determinations of new stand- 
ards and physical constants. 

The Laboratory has been studying mag- 
netic phenomena for the Navy Bureau of 
Ships since 1952. This work began with 
the evaluation of powdered irons, and has 
since been expanded to include measure- 
ments of many other magnetic materials 
under static conditions and at microwave 
frequencies. For instance, a quasi-static 
hysteresis loop tester (Cioffi type) is near- 
ing completion and will be used for 
studies of ferrites. Also a modified vibrat- 
ing-sample magnetometer has been de- 
signed to measure the maximum magnetic 
intensity in a material. 

In the range from d-c to microwave fre- 
quencies, investigations are under way in 
magnetostriction (in the r-f region only) 
on the total energy lost by magnetic cores 
when they are exposed to high-level mag- 
netic fields, and on magnetic and dielectric 
spectroscopy techniques. Work in the third 
category includes extensive studies of coils, 
r-f permeameters, and cavities. 

Emphasis in the microwave region is 
being placed on a determination of the 
tensor permeability (directional properties) 
and dielectric properties of ferrites at 
about 1060, 3100 and 9200 mc (Fig. 2). 
Studies are also being conducted on the 
tensor permeability of ferrites at low d-c 
fields. Such information is used to design 
many new microwave-ferrite devices such 
as isolators, phase shifters, modulators, 
and circulators, 

Dielectric constants and dissipation fac- 
tors are measured over a frequency range 
of 0.1 to 10!° cps at temperatures from 

100 to +500 C. The Bureau has de- 
veloped methods for measuring loss tan- 
gents as low as 0.000001 at 1 mc. Facilities 
for millimeter-wave work are now avail- 
able, and studies have been made at the 
low frequency end of the dielectric spec- 
trum on frequencies so low that their 
periods are days in length. 

A detailed study of polarization and 
conductivity in crystals of barium titanate 
has led to formulas that consider the pres- 
ence of free charges near the domain 
walls, These equations explain variation in 
hysteresis loop shape, the dependence of 
conductivity on polarization, and the varia- 
tion of switching time with various param- 
eters, J.R.R. 
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Can a silicon rectifier 


It might, if you have a problem in DC power sources. For 
example, some time ago C & D needed a high efficiency, con- 
stant potential, current limiting DC power supply. Output 
had to be held within + 1% over an AC input variation of + 
15%. In addition, maintenance would have to be virtually nil. 

The answer was found by using a silicon rectifier in com- 
bination with simplified components that became the heart 
of C&D’s AutoReg® charger. AutoReg chargers provide 
continuous, automatic, unattended charging of industrial 
storage batteries. With the exception of a timing circuit 


Power Sources —; 


solve your problem? 


there are no moving parts. There are no relays to adjust and 
practically no maintenance is required. 

Now, C & D has expanded facilities of the AutoReg plant 
to provide industry with similar DC sources, which incor- 
porate silicon rectifiers and automatic regulation. Final form 
of these units can supply power in a range from milliwatts to 
megawatts, depending upon your requirements. 

Companies with a problem in DC power sources should 
write, giving a general outline of their requirements, to: 
Vice President in Charge of Engineering 


wrtezan HE ATFTLEeE RISC Ss 
of Conshohocken, St.... Attica, Ind. 


Div THE ELECTHAIC AUTOLITE Co 


Manufacturers of Siyver-llad ® industrial Batteries ° [PLASFICEL) * and SMiieR= ®@ Batteries for Communications, Control, 
and Auxiliary Power « Producers of Autokeg ® Silicon Chargers and hutolal + Charger-Battery Combinations. 
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DC-DC CONVERTER 


All items Designed for 13.6V. Except 8034 which is for 
28V input 
TYPICAL DC-DC CONVERTER 
CIRCUIT 


17 4 
. y 
rit | 
a | 


D.C. Output 
F. W. Bridge C.T. Full Wave 
Volts Ma. Volts Ma. 
250 250 420 
250 250 420 


90 225 155 


MICRO MINIATURE 
TRANSISTOR 


Available in 4 case types 
Hermetic (-H) '5/jg°x ''/,¢", wt.% oz. 
Open Frame (-F) 7/4" x '%/2° x %", 
wet. 4 oz 
Part 

Number 

MMT 5° Coll. to Speaker 

MMT 7°* Coll. to P.P. Emit 

MMT 9° Line to P.P. Emit 

MMT 10° Coll. to Emit 

MMT 11° P.P. Coll. to Emit or Line 

MMT 12° Coll. to Speaker 

MMT 16* Coll. to P.P. Emit 

MMT 17° PP. Coll. to P.P. Emit 10,000 C.T 

MMT 18° P.P. Coll. to P.P. Emit. 25,000C.T. 

MMT 19* (oll. to PP. Emit 2,509 


“Add either -M or -H to part number to designate construction 
See catalog for detailed information 


ULTRA MINIATURE 


TRANSISTO 
Open-frame (-F)* Wt. .08 BM" x "2" 
Molded (-M)* Wt. . siz " dia, 
Nylon Bobbi e. 


Secondary 


UM 21° 
UM 22* 
UM 23* 
UM 24* 
UM 25* 
UM 26* Output 

UM27*  Qutput 400 C.T. 

UM 28* = Choke 10 Hy. (0 de) 8 Hy (5 ma) 650 

*Add either -F or -M to designate construction. See catalog. 


Output 
Output 
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| within his company, and given, too, a 


| editorial 





month 


Pius or Minus 


_And a Bon Voyage 


To You, Too 


appropriately high status 
commensurate account, a 
travel-minded engineer could do quite 
a bit of round-the-world conference- 
and symposium-hopping. Some of the 
delightful possibilities in this form of 
engineering are explored in a recent 
published in British Com- 
munications and Electronics: 


expense 


“In the field of electronics alone there 
are ample opportunities (for travel), as 
a glance at our International Calendar 
will show. With this as his guide, the 
professional conference-goer might well 
have started 1960 in Bad Gastein, with a 
symposium on radioisotopes. Packing his 
drip-dry shirts in his air-weight holdall, 
he would have had all of 24 hours to reach 
Washington, D. C., for the reliability meet- 
ing, and if he was lucky with a connec- 
tion at Idlewild, could have caught the 
closing session of the space science con- 
ference in Nice. Then London would have 
called, with the Phys. Soc. and the B.I.E.E. 
computer meeting, necessitating a change 
into heavy underwear while in flight, but 
ending in good time to take in the start of 
in L.C.A.0. meeting in Rome. 

Careful planning could produce a 12- 
itinerary touching Philadelphia, 
Paris, Harrogate, Tokyo, Oxford, New 
York, Chicago, Liverpool, Detroit, Bir- 
mingham, Toronto, Munich, Moscow, Read- 
ing, Boulder (Colorado), Los Angeles, 
Prague, Manchester, Montreal, and Dussel- 
dorf. There would be return visits to most 
places, and scarcely a day spare to be 
measured for a new lightweight suit, or 
be fitted with fur-lined boots. The intake 
of airline food would be so great that the 
traveller would begin to look like a plastic 
tray. 

Apart from the interest of the confer- 
ences themselves—though the professional 
conference-goer would probably catch up 
on lost sleep at most of them—this way of 
life would confer valuable prizes. There 
would be the obvious opening for one- 
upmanship (‘Have you ever tried the stone 
crabs they serve in New Orleans?’), and 
a set of luggage as plastered with place- 
names as the rear window of some motor 
cars. Best of all, there would be that pin- 
nacle of success which most of us meet 
only in romantic fiction—one would be 
persona grata with the bartenders of the 
world. ‘Nice to have you back, Mr. Blank,’ 
they would say, pronouncing our name 
correctly and handing us unasked our own 
peculiar concoction, such as gin and ginger 
with an olive but no ice. “Thanks, Harry,’ 


we'd reply, ‘it’s nice to be back.’ What 
more can a man ask from life?” 


But what we are really waiting for 
is a continuing 30 or 60-day sea-going 
conference which could be devoted to 
wrapping up all our current problems, 
including outer space, inner space, in- 
come tax, relatives, maintenance of 
power lawn mowers, semiconductors, 
demisemiconductors, submicromicro- 
electronics, bionics—and you add to 
this list. See you at the next symposium 
on interplanetary subhuman factors in 
Timbuktu! —A.E.J. 


Correction 


One of our alert readers was good 
enough to bring a typographical error 
to our attention. In “Logic—and Switch- 
ing Circuits,’ April 1960, p 143, top 
of column 1, we claim that: 
it follows that 
(a* b) = (a + b)’ 
This should read: 
it follows that 
(a*b) = (a + b)’ 
We apologize to our readers, and 
ask that you correct your copy. 


Growing Influence of 
MIL Specifications Abroad 


Our overseas contemporary, British 
Communications and Electronics, com- 
ments currently on the growing in- 
fluence of United States MIL Specifica- 
tions on European specifications. Some 
criticism is expressed that our specifica- 
tions are “too pure” and are difficult to 
attain without a system of waivers. 
Specifically, BC&E writes: 


“In the past the main impetus for the 
compilation of specifications (for stringent 
requirements) and for the setting up of 
standards has come from Britain, and in 
these matters Britain is still widely recog- 
nized throughout the world for its realistic 
approach. But the demands of NATO dur- 
ing the past few years have inevitably 
brought about an increasing influence of 
the USA MIL or Joint Service Approved 
Specifications. Although these  specifica- 
tions are not officially used in this country, 
it is necessary nevertheless to keep them 
constantly in mind when producing our 
own Defense Specifications. This is par- 
ticularly desirable in order that manufac- 
turers are able to compete in world mark- 
ets—military or otherwise—where ‘MIL’ 
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Now it's here... 


rue POPE PRECISION 
ew MOTOR 


1 to 20 H.P.—900 to 3600 R.P.M.— with straight or tapered shafts 


Here is a Precision Driving Motor that has the You can make fast convenient wiring connec- 
rigidity and dynamic balance you’ ve always wanted! tions from the large junction box furnished on 
The permanently preloaded double row cylindri- whichever side of the motor you specify. 
cal roller bearings with tapered bores are mounted Ask for data sheet SK-306 for outline dimensions 
in a heavy section one-piece casting. (There is no and specifications. 
front end cover to get out of alignment.) Let us quote you on these 
A pair of extra large precision angular contact Precision Driving Motors 
preloaded bearings in the rear housing are mounted for use on all your equip- 
close to the rotor for extra rigid support of the ment where a real Precision 
motor under working loads. Motor is required. 


One of the new Pope Precision Motors equipped with a 


Pope balancing type wheel holder for precision grinding. 
No. 130 


XS CLOLLBE LE LD REE SLABS IL LELLIIPEE PBBE 


Jeo) 


POPE MACHINERY CORPORATION ~- 261 RIVER STREET - HAVERHILL, MASS. 


JUNE 1960 Circle 110 on Inquiry Card 





| specifications are regarded, rightly or 

for wrongly, as an assurance of quality. 
“The often quoted criticism, that these 
= specifications are too ‘pure’ to be of any 
protection real value, seems to us to be well founded. 
| An extremely high ideal is set, but were 
| it not for the involved system of ‘waivers’, 


on light it is doubtful whether many of the com- 


ponents specified could ever be manufac- 
tured. But, in part at least, we feel that 


metals | some of the misunderstanding of thes: 
specifications arises from a lack of appre- 
ciation of the philosophy behind them. We 
hope, therefore, that the article ‘Evalua- 


. | tion and Use of Military Specifications for 
you need Electronics Parts and Materials’ in this 
issue [of BC&E] will prove of interest 


to those in this country and abroad who 
have occasion to refer to the USA ‘MIL’ 


PROCESS ENGINEERED specifications.” 
CHROMATE CONVERSION COATINGS 


Iridite protects against high altitude 

weather extremes and against corro- The electrical insulation and dielec- 
sion by hydrocarbon fuels, such as trics-oriented reader will be aware that 
gasoline and kerosene. there is an inadvertent scrambling of 
Iridite provides a highly protective | references in the Bibliography (page 
non-porous paint base. | 58) of the May issue article “Materials 
Iridite protects against corrosive Trends and Problems.” In the second 
storage conditions. column of this Bibliography, references 
PSNR ANN ee : beginning with “Evaluation of Open- 
LOCKHEED ELECTRA #4” se Enclosure Epoxy-Sealed Motors” and 
ending with “High-Temperature Char- 
acteristics of Thermosetting Lamin- 
ates” properly belong, of course, under 
the heading “Electrical Insulation and 

Dielectrics.” 


Correction 


And, Iridite gives you these 
additional advantages: THIS MONTH’S COVER 


ON ALUMINUM—needs only normal pre- Electrical I foie 
cleaning. Film withstands cold forming ae 
or bending. Easily heliarc welded. Manufacturing 
Unusually low electrical resistance. Clear, = 
yellow or dye-colored finishes. 


ON MAGNESIUM—short immersion, room 
temperature solution, no electrical equip- 
ment. Corrosion protection relatively 
unaffected by high drying temperatures. 
Applicable to all alloys. Low electrical 
resistance. Color ranges from light gray 
to dark brown. 


IRIDITE—a specialized line of chromate 

conversion coatings for non-ferrous 

For complete infor- metals. Easily applied at room tem- 

mation on nee. peratures with short immersion, man- 
contact your Allie = i atic j 

Field Engineer. He's = ually or with automatic equipment. 

listed under “Plating = Forms a thin film which becomes an 

Supplies” in the integral part of the metal. Cannot 
yellow pages. Or, hip, flak : -i i 

B -Tmy chip, flake or peel; special equipment, 

el DATA PILES. exhaust systems or highly trained 

personnel not required. Of the many modes of dynamic behavior 

of mechanical systems, vibration and 

Iridite is approved under government oscillation are of primary engineering 

and industrial specifications. concern. Our cover this month suggests 


és the diminuendo of to-and-fro excursions 
Allied Research Products, Inc. of the mechanical elements of a control 
4004-06 EAST MONUMENT STREET © BALTIMORE 5, MARYLAND loop, one example of mechanical systems 

BRANCH PLANT, 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN in motion which are most powerfully 

West Coos! Licensee for Process Chemiccls: |. H. Butcher Co studied by the methods derived and illus- 


aan ees. ee trated in “Network Analogs for Mechani- 
; . Supplies for Metol Finishing ; a : = 
Chemical ond Electrochemical Processer, Anodes, Rectifiers, Equipment cal Systems,” our Science & Engineering 


QLD? | TD] °| TTD ®| TID?) TD esssistion fr Saneartng “om pe 
Coatings Brighteners Supplies 
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UNLIKE ANY MOTORS YOU'VE EVER SEEN... 


General Electric’s NEW 


. a revolutionary concept in small component motors. Throw away any preconceived notions you may 
have about small fhp component motors. General Electric's new Unitized* motors are com- 
pletely different, offering you previously unrealized design freedom in applying motors. 


New G-E Unitized motors are characterized by high efficiency, small size, and many features for easier 
adaptation to your products (see details on next page). No longer do you need to com- 


promise your exact design and performance requirements to meet existing motor types. 


Unitized motors perform better too! You can count on long life, uniform performance and quiet 
operation when you apply new Unitized motors. 


Your G-E sales engineer will be proud to show you how this newest result of General Electric 


ADDED VALUE engineering and research can help you meet your exact design re- 
quirements. Call him today, or fill in the coupon on the next page. 


* Trademark of General Electric Co. Progress ls Our Most /mportant Product 


GENERAL @@ ELECTRIC 









































59-FRAME UNITIZED MOTORS 33-FRAME UNITIZED MOTORS 


4-pole, 1 millihorsepower through 1/15 hp 2-pole, 1 through 20 millihorsepower > 
APPLICATIONS — Dehumidifiers—Gas, oil, electric forced 
draft space heaters Hassock fans and 16” and smaller APPLICATIONS — Domestic refrigeration and freezer evap 
portable fans Kitchen. bathroom. range-hood ventilators orators Fans Blowers Business machines Re 
Portable evaporative coolers Portable air conditioners corders Projectors Pumps Vending machines ¥ 
Recorders Projectors Business machines 


= Ea RATINGS AND MODELS—Shaded-pole (Type KSB) models 
RATINGS AND MODELS—Both shaded-pole (Type KSM) 


: 1 to 20 millihorsepower 3000 rpm — 2-pole — Single 
ed eae z : od ; a = ib y a soni ees phase Class A insulation Impedance protected through 
- . 5 6 MHP Permanently lubricated sleeve bearings — Re 
Class A insulatior Impedance protection through 9 silient or solid mount Single or double shaft Open or 
watt Reoilable sleeve bearings Stud or band mount 
totally enclosed. 
ing Single or double shaft Open or enclosed , 
FEATURES — Small, compact size Lightweight Perma FEATURES — Small size, lightweight High operating effi 
nently-aligned bearings New integral stator core insula ciencies Low current drain Extremely quiet operation 
tion Continuous hydrodynamic oil film to reduce bearing — Horizontal or all-angle operation Leadless — Integral 
wear, and nois¢ Up to 40%, higher operating efficiency stator core insulation with high moisture and dielectric re 
New capillary oil retention system; requires only annual sistance Hydrodynamic oil films — Stator and core as 
reoiling under normal operation All-angle mounting sembly treated with epoxy protective varnish 


A GENERAL ELECTRIC Uutized MOTOR CAN... 
MEET YOUR EXACT PRODUCT NEEDS 








New General Electric Unitized Motors are unlike any small which bonds the end shields to the stator 

fhp component motors you've ever seen before The result: uniformity and high operating efficiencies 
General Electric has literally reversed traditional motor never before attained in this type of motor. Add to this the 

design and construction by building these motors inside out permanently-aligned bearings and superior lubrication sys 

This allows G-E engineers to virtually eliminate the ac tem provided by Unitized Motors, and—by any standards 

cumulation of machining tolerances and assembly varia you wish to apply—new G-E Unitized Motors are an ob 

tions which have traditionally hampered the performance vious choice for small motor-driven products 

of small motors. Optimum electrical and mechanical rela General Electric is equipped to build the exact Unitized 

tionships are predetermined. The air gap between the rotor Motor you require for your products. Your G-E sales engi- 

and stator is mechanically established and then the motor neer will gladly discuss the wide variety of Unitized Motors 

is literally built around this air gap. Bearings are accu with you and show you the one that can make the best “ 

rately aligned to the shaft. These precise relationships are contribution to your product. Why not call him at your 

permanently established by a_ specially-developed resin nearby Apparatus Sales Office and ask him about obtaining 

a Unitized Motor for testing on your product? Or fill in 
mem a | the coupon for more information. ° 

General Electric Co., 

Section 632-16 GED-3844; 4-pole UNITIZED 

Schenectady 5, New York Motors 

Please send me the follow- [[] GED-3876; 2-pole UNITIZED Progress /s Our Most Important Prodvet 

ing publications: Motors ‘ 

Name GENERAL wo ELECTRIC 

ADDRESS 
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HOW TO SCRIBE 
A “PERFECT” CIRCLE 
IN OUTER SPACE 


Bell Laboratories guidance system achieves unprecedented 


accuracy in steering Tiros weather satellite into orbit 


Equipped with TV cameras, tape recorders, solar 
cells and antennas, the world’s most advanced 
weather satellite, the NASA Tiros I, had to be placed 
in a precisely circular orbit at a specified altitude to 
do its job well. 

The ‘‘shot”’ was a virtual bull’s-eye. The mean 
altitude was within one mile of that planned. And 
Two Bell Laboratories engineers, T. J. Grieser and D. R. Hagner, look 


over the second-stage section of the Air Force Thor-Abie missile used 
to launch the NASA Tiros weather satellite. 


jenna 
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the deviation from this mean was less than 4 per 
cent, making it the most-nearly-perfect circular orbit 
ever achieved with a space vehicle by either the 
United States or Russia. 


The dependability and accuracy of Bell Labora- 
tories’ ground-controlled Command Guidance Sys- 
tem has been proven before—in the successful test 
flights of the Air Force Titan intercontinental bal- 
listic missile, and in last year’s Air Force Thor-Able 
re-entry test shots from which the first nose-cone 
recoveries were made at ICBM distance. Now, with 
Tiros, the system contributes to a dramatic non- 
military project. Other uses are in the offing. 


This achievement in precise guidance again illus- 
trates the versatility of Bell Laboratories’ research 
and development capabilities—directed primarily 
toward improving your Bell Telephone service. 


BELL TELEPHONE LABORATORIES 


World center of communications research and development 
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30 AMP “ROCK-TOP" 
TRINISTOR CONTROLLED 
RECTIFIER 


PROVIDES MULTI-FUNCTIONAL CONTROL OF CURRENTS AND VOLTAGES 
WITH FAST SWITCHING TIME AND RESPONSE RATE 


New Westinghouse Trinistor ‘‘Rock-Top”’ construction provides high reliability, 
low maintenance, and positive protection against arcing at high voltages. 


Design engineers will find the improved electrical characteristics, listed below, 
can be used to advantage in a wide range of new control and switching applications. 


Lower Thermal Impedance 

Switching time 600 millimicroseconds 

Efficiencies in excess of 95% 

Simplifies circuitry 

Lower forward drop than thyratrons 

Minimum noise levels 

Parameters ideally suited for high-speed static switch functions 
Peak reverse voltage 60-360 volts 


For full information or engineering assistance, 
contact your local Westinghouse representative, or write: 
Westinghouse Electric Corporation, Semiconductor Dept., Youngwood, Pa. 


INDUSTRIAL, MILITARY, AND COMMERCIAL APPLICATIONS INCLUDE: 
CONVERTERS / VARIABLE FREQUENCY CONTROLS / MOTOR CONTROL / 
VOLTAGE REGULATION / REPLACEMENT OF MAGNETIC AMPLIFIERS / HIGH 
POWER MODULATION / INVERTERS / REPLACEMENT OF THYRATRONS 


vou can oe sure....r rs Westinghouse 


SC-4111 
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ng adventure surrounded by noise. 
ies, nickels, childreng. . 


Fairbanks Morse eféctric motor. 
it drove the trolley @ber thousands of mile 
' and rode with it 
into glorious se 


pick a year 

from the turn ofthe century until now. 
picka month, § 
pick a day, i 
pick a city, 

pick a town- 

our motors are 
pulsing, driving, 
powering the thi 
and the things we 
pushing our daily 


its history... 


\~ us into the 
Moday our electric moto 


e bigger and better. 
y’re also smaller and stro 
r and more powerful. 


rate in air and underground, 
temperatures and underwater, a 


elevators and fan 
pumps, conveyors a 


they are adaptable 

to every phase of every industry 

for many reasons and more purposes. 
they keep us growing 

and they keep us improving. 

they keep us ahead of the day before 
and on the heels of the day ahead. 


they are our heartbeats 
and they run and they run and they run. 


Fairbanks, Morse 


A MAJOR INDUSTRIAL COMPONENT OF FAIRBANKS WHITNEY CORPORATION 
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The electric motor is one of the most versatile sources of power 
ever developed. It is economical, practical and time-resistant. 
Fairbanks-Morse electric motors can turn out % horsepower or 
10,000 horsepower, meet every known job demand within this 
range or be custom-specified to your blue-print projections. 
Whatever your production needs or plans may be, our electric 
motors can power them. 

If you are in a field where power for production must be 
efficient, effective and dependable—we suggest that you con- 
sider our great variety of electric motors. For further informa- 
tion please write to: Mr. George H. Herrick, Vice President and 
General Manager, Electrical Division, Fairbanks, Morse & Co., 
Freeport, Illinois. 
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CONSTANT LABORATORY CONTROL... 


PROVIDES UNIFORMITY IN ELECTRICAL SHEETS 


Metallurgists call every play in the production of steel at 
Acme-Newport. They provide the diet for gulping electric 
furnaces, check samples at every step through modern steel- 
making facilities. Approval follows only when finished sheets 
meet exact specifications for permeability, core loss, uniform 
gage structure and fast, clean punching. This has been a 
tradition for more than forty years of specialization in 
sheets for motors, generators and other rotating equipment. 
Nothing less satisfies this Company, its customers and their 
customers. Let Acme-Newport serve you, too! 





OZALID 


WSLETTER 


NEW IDEAS TO HELP YOU W/TH ENG/INEER/ING REPRODUCTION AND DRAFTING 


Standard mat 


‘ss “4 


n big time and cost savings. 


How to break the halftone 
costs barrier 


Some of the sharper repro men look- 
ing to cut the high cost of using half- 
tones in quantity have come up with 
this little timesaver that goes for 
pennies per halftone. Here was the 
problem: 200 rush copies of 16 tech- 
nical photographs were needed for a 
service manual...a total of 3200 
prints. This job would usually run 
about $2,000 and take ten days... 
that was too long and cost too much. 

A bright lad thought about their 
Ozalid whiteprinting equipment and 
worked out this procedure: First an 
8” x 10” screened film positive was 
made by projection from a4” x 5” neg- 
ative, emulsion away from emulsion. 


This insured proper orientation of 
the print in the final stage. 

Next, the film positive and Ozalid 
black-line plastic-coated paper 
(105SZ) were processed in an Ozalid 
Printmaster 810 at a rate of 12 feet 
per minute. The 42-inch width of this 
machine permitted two operators to 
work simultaneously, cutting total 
production time virtually in half! 
The choice of Ozalid paper Type 
105SZ was an excellent one. It gave 
crisp; black-line images of great den- 
sity due to the paper’s plastic coat- 
ing. The entire project took just 
under a fast six hours instead of the 
usual ten days, and cost about $100. 


Total savings: $1900 and 914 days 
of production time. Pretty smart, we 
think. By the way, we’ve got sample 
packages available for the asking that 
might very well give you the same 
dramatic results. Why not write us 
at Ozalid, Box K4, Johnson City, 
New York. We'll be glad to help. 


Looking for a fast case 
of the blues? 


The happy kind, we mean. The clean, 
rich, decisive blue image that Ozalid’s 
new Super-Speed Blue-Line (200SS) 
gives. And when we say fast, that’s 
exactly what we mean. Poor originals 
are copied up to ten feet per minute 
faster than with regular copy papers. 

This is the first Ozalid copy paper 
specifically designed for copying 
semi-opaque originals at higher 
speeds ... at no sacrifice of line den- 
sity in any sense! 

But what does all this mean in prac- 
tical benefits, other than increased 
production at no loss in quality ? 

Well, for one thing, it means that 
you can now do a fine job on semi- 
opaque material, such as one-sided 
letters, documents and bulletins, at 
the lowest cost of any copying proc- 
ess...even if they’re printed on bond 
papers! 

Another benefit is the clean, read- 
able copies you can now produce 
from soiled, yellowed documents and 
low-translucency materials much 
faster than ever before. 

Is that all? Not by a long shot. 
200SS actually turns low-powered 
ultraviolet machines into pretty fast 
units. And the faster printing speeds 
mean faster return of the original 
after each cycle. 

Why not try this superb, high- 
density blue-line paper today? It 
really makes sense. Just call your 
local Ozalid representative for a 
demonstration. 


Ozalid—Division of General Aniline & Film Corp.+ In Canada: Hughes-Owens Co., Ltd., Montreal 
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Hid eeme §6. .. Serrations, splines and milling... for 
military, aircraft, missile applications 


Where specifications and conditions are the most demanding, you'll 
find G.S. Fine and Intermediate Pitch Gearing at the heart of the 
most complex assemblies for all sorts of military, aircraft and missile 
applications. Why? Because for nearly five decades, G.S. has been 
famous for extreme accuracy. We have the broadly experienced engi- 
neering specialists, the carefully trained craftsmen and the big, fully 
equipped plant to do these jobs right, from design to delivery. 


If you are contemplating or producing on government contracts 
or subcontracts, insure the quality of your power transmission com- 
ponents with G.S. elements, mass-produced with custom quality in 
a range of sizes from 8 to 96 d.p. .. . from 4%" to 8” diameters . . . in 
all materials. And of course, the same precision qualities give you 
more profitable production and better end-use performance in 
civilian applications, too. Our engineers are at your service for 
thorough analysis of your Fine and Intermediate Pitch Gearing 
problems and the practical way to solve them. 


CMLL > 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS ‘ SEND FOR G.S. i/lustrated folder! See where and how we mass- 


manufacture Small Gearing to uniformly fine tolerances. Folder 

contains 23 pictures of Small Gears, plant view, Diametral and Cir- 
SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS cular Pitch Tables. Ask for yourcopyon company stationery, please! 
WORM GEARING © RACKS * THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE lee 


OF FRACTIONAL HORSEPOWER GEARING Sef CMs of: Specializing Wy Anal Gearing! 
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NOW! Fuses that... 


Safely interrupt fault currents up to 
200,000 amperes... 


Limit fault current to very low values 
Hold 500% load for minimum of ten seconds 


Buss Low Peak fuses can completely 
revolutionize the protection of the 
entire electrical system. 


Protect Mains, Feeders, Branch Circuits, 


Motors, Controllers, Switches—no matter 
whether the fault current is 1,000 amperes, 
25,000, 100,000—or as high as 200,000 amperes. 


Reduce stresses and prevent damage to 
Panel-boards, Switches, Motor Controllers— 
other circuit components—because let-thru 
fault currents are limited to exceptionally 
low values. 


Prevent work stoppages, lights out, waste 
of time and money—because long time-lag 
keeps them from opening needlessly on motor 
starting currents or other harmless overloads. 


Permit increasing interrupting capacity 
and current limitation on present system at 
minimum cost. 


Before designing a new 
installation— 
or modernizing old 
installations— 


GET ALL THE FACTS 


Knowledge without action is of 
little value—but ACTION NOW 
may save you money—increase 
operating efficiency and reduce 
electrical hazards to a minimum. 


BUSS LOW-PEAK fuses fit 
standard Switches and Panel- 
boards and are available in N.E.C. 
sizes from 15 to 600 amperes in 
both 250 and 600 volt ranges. 


Write for BUSS LOW-PEAK 
Bulletin Now... or use coupon. 
Bussmann Mfg. Division 
McGraw-Edison Co. 

St. Lovis 7, Mo. 
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Bussmann Mfg. Division, McGraw-Edison Co. 
University at Jefferson, St. Louis 7, Mo. 
Please send BUSS Low-Peak Fuse Bulletin LPS. 
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1 KW 400 cps 


NEW! 
UNIVERSA 

POWER 
CONTROL 


UTILIZING MAGNETIC AMPLIFIERS GATING 


SILICON CONTROLLED RECTIFIERS 


for military and industrial control of 60/400 cps AC or DC power 
200 watts to 3 kilowatts 


Universal Power Control Units 
FOR 60 AND 400 CPS SYSTEMS 


120 V 60 CPS 
SYSTEMS MODEL* 


FIVE CONTROL SYSTEM TYPES AVAILABLE - 


*Satisfy 95% of basic power control requirements 


CONTROL 
paid 


rie a ee) 
| SYSTEMS MODEL* 


Le eek 1 2 | 
Lolth a Ate 


CONTROL SYSTEM TYPE |I—Provides full wave single ended 
output. Controls power to AC or DC loads. 


CONTROL SYSTEM TYPE Il—Provides push-pull two-wire con- 
trol of AC servo motors. 


CONTROL SYSTEM TYPE Ili—Provides push-pull three-wire con- 
trol of AC servo motors. 


CONTROL SYSTEM TYPE IV—Provides reversible DC output for 
control of split field series motors. 


CONTROL SYSTEM TYPE V—Provides reversible DC output for 
control of DC shunt motors. 


“Any of the five control System Types are readily modified to meet special 
requirements. 


APPLICATIONS FOR: LIGHT DIMMING CONTROL « POSITIONING SERVOS 
SPEED CONTROL + TEMPERATURE CONTROL 
VOLTAGE/CURRENT REGULATION 


Descriptive Brochure, Bulletin $-1075 upon request 


MCR-650031-Y 


MCR-450031-Y 


MCR-650031-Y 
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MCR-450031-Y 
MCR-610231-Y 


—— of 


MCR-410231-Y 
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MCR-424241-Y 
MCR-420231-Y 
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MCR-624241-Y 
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MCR-412271-Y 
MCR-424271-Y 


MCR-650081-Y MCR-450081-Y 


MCR-610281-Y | MCR-410281-Y 


MCR-620281-Y MCR-420281-Y 


os 


MCR-650086.-Y 
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MCR-610286-Y 


MCR-410286-Y 
MCR-620286.-Y 
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Inquires invited—Engineering conferences af your or our facilities write, wire or call— 


MAGNETIC AMPLIFIERS, INC, 


632 TINTON AVENUE 
N.Y. 


NEW YORK 55, 
CYPRESS 2-6610 
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136-140 KANSAS STREE 
EL SEGUNDO, CALIFORNIA 
OREGON 8-2665 
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9 Because Cornish makes 
the most complete line of 
molded components in the 
field. Whatever your partic- 
ular cord-set need, you can 
order a Cornish molded 
component to fit it ie Be- 
cause Cornish can make 
molded components to 
special order. If Cornish 
doesn't already have ex- 
actly what you want, you 
can ask Cornish engineers 
to work with you in devel- 
oping special molded 
components of rubber or 
plastic. @ Because all Cor- 


1960 


SPECIFY 


ACORNISH 


1 CORD SETS 
Hf WITH MOLDED Vp 
COMPONENTS i 


UN ea 
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nish molded components, 
even custom-made, can be 
furnished in various colors 
to meet your specifications. 
Your name or trademark 
may also be molded on the 
plug. @ With all Cornish 
molded components, you 
get the advantages of su- 
perb engineering ability 
and more than 40 years of 
experience applied to the 
solution of your special 
problems. Write us today 
for complete information. 
Cornish WireCo.,Inc., |=) 

50 Church St.,N.Y. 7. il 
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Armature-mounted Torrington 
Drawn Cup Roller Bearings 
offer these advantages: 


| a ‘ Highly efficient roller guidance 
[crenceeemmcianaD r . Ample provision for 
lubricant storage and circulation 
High capacity in small 


Performance plus for power saw armatures cross section 


Long pre-greased service life 


with Torrington Drawn Cup Roller Bearings Outstanding efficiency at 


Easy mounting by press fit 

Armatures of Montgomery Ward's high quality Powr-Kraft Saws are equipped with Simple housing design 
two Torrington Drawn Cup Roller Bearings for efficient high-speed operation and Low unit cost 
long pre-greased service life. 

The highly effective roller guidance and outstanding lubrication provision are 
made possible by the one-piece, shaft-riding retainer design of these bearings. The 
result is added years of extra-smooth starting and cool running. 

The drawn cup outer race construction offers outstanding advantages in com- 
pactness, light weight, simple straight-bore housing and easy press-fit installation... 
important factors in high volume power tool and home appliance applications. Yet 
improved design and construction make these bearings available at remarkably low 
cost. In many cases, Torrington Drawn Cup Roller Bearings have lowered armature 
bearing costs by as much as 50%. 

Power saws, drills, electric mixers, vacuum cleaners...all types of appliance 
motors and generators can benefit from the efficiency and low cost of Torrington 
Drawn Cup Roller Bearings. For advice on specific applications call on Torrington 
— makers of every basic type of anti-friction bearing. 


progress through precision TORRINGTON BEARINGS 
THE TORRINGTON COMPANY Torrington, Conn. + South Bend 21, Ind. 
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for a ‘‘creative analysis”’ 
of your circuit 


termination program... 


That's what C A is all about—time, your time. . . 
and money and circuit reliability. 


AMP's Creative Analysis is a cost-free 
program that studies every aspect of your 
termination department and its relation to your 
total manufacturing operation. Not a 
superficial glossing of obvious facts, C A is a 
penetrating, thorough examination by 

a team of experts. 


We've done hundreds of Creative Analysis 
Studies, cutting costs 50%, 100% and 
more . . . boosting production manyfold 

. and solving the most stubborn 
problems of reliability. 


It's time to look at your circuit termination 
program—time to discover if you have the most 
efficient operation possible. In fact, it’s time 

to send for our brochure on C A, 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « japan « West Germany 
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ECONOTAPE crossbar contacts are 
most efficient for electrical relays oe 


MAKEPEACE 
DIVISION 


You can now get ideally efficient crossbar contacts for your 
electrical relays—with as many contacts as you need, where 
you need them—with positive assurance of full, contact sur- 
face. This has been made possible through the development 
of Makepeace’s new ECONOTAPE, a precision-drawn 
shaped or rectangular contact wire in either solid precious 
metal or in laminated metal—in your choice of gold, plati- 
num, palladium, silver and their various alloys. 

Econotape crossbar contacts are supplied complete, 
attached to Makepeace blades...attached to blades sup- 
plied by you...or Econotape for your own attaching. 

Econotape is cut off and welded to the blade in one 
operation. It is no longer necessary to handle and attach 
individual button type contacts. Positioning of Econotape 
on the blade is done automatically as the tape is cut off and 
welded. Permanent attachment is assured by a homogenous 
metallurgical bond that is undisturbed by expansion and 
contraction caused by temperature changes. 

If you are designing a new relay or trying to cut the cost 
of your present mechanism, send for Econotape literature. 


D. E. MAKEPEACE DIVISION + PINE & DUNHAM STREET 
ATTLEBORO, MASS. 
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fine wire, thin foils, ribbon and * | Bete 


PLATINUM 


tubing in noble metals and S. Wie 
their alloys, for all applications. . 


The unique combination of properties of the noble metals 
continually recommend them for industrial applications. Our 
modern melting, wire drawing, rolling and heat treating 
equipment coupled with long experience in the field is at 
your service for production of standard and special items. 
WIRES: Bare drawn wire of ductile materials down to .004” 
—High temperature thermocouple wires—High temperature 
furnace windings —Potentiometer and Resistance wires — 
Platinum clad tungsten wire. 
FOILS: In platinum, palladium and gold down to .0001”— 
In iridium and rhodium as thin as .001”. 
TUBING: Seamless in platinum, palladium, gold and their 
alloys. Sizes from .018” with .004” wall up to 1%” with 
.042” wall. 

For complete information write for our leaflets, “Fine 
Wire, Foils, Ribbons” and “Noble Metal Thermocouple Wire”. 


BAKER PLATINUM DIVISION ¢ 113 ASTOR STREET 
NEWARK, N. J. 
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DOMESTIC DIVISIONS: AMERICAN PLATINUM @& SILVER DIVISION * AMERSIL QUARTZ DIVISION * BAKER CONTACT DIVISION * BAKER DENTAL DIVISION * BAKER PLATINUM 

DIVISION * BAKER SETTING DIVISION * CHEMICAL DIVISION * HANOVIA LIQUID GOLD DIVISION * INSTRUMENTS & SYSTEMS DIVISION * IRVINGTON-BAKER REFINING Divi- 
SION * D0. E. MAKEPEACE DIVISION * RESEARCH & DEVELOPMENT DIVISION * H. A. WILSON DIVISION. COMPANIES ABROAD: ENGELHARD INDUSTRIES OF CANADA, LTD., TO- 
RONTO * ENGELHARD INDUSTRIES LTO., BAKER PLATINUM DIVISION, HANOVIA PRODUCTS DIVISION, LONDON * SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S.A., BO- 


PROMPT PRECIOUS METAL SCRAP RECOVERY SERVICE » ENGELHARD PROCEDURES RECOVER 
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AMERICAN 


See a “> _— a simplified mirror-bright silver 


my <x & ~ \ plating process for electrical 
and electronic components 


Here is the most efficient, simple procedure to protect elec- 
trical electronic and lamp components with a mirror-bright 
silver finish—through a complete range from flash to heavy 
deposit. The procedure is easy, economical and non-critical 
—with little or no polishing required. Silva-Brite is a clear, 
water-white solution, enabling the operator to observe work 
as it is being plated. Uniformly good results are attained 
with current densities ranging from 10 to 40 amperes per 
square foot. Normal room temperature operation minimizes 
fumes and tendency toward bath decomposition. Send for 
descriptive data together with detailed plating procedures, 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE, NEWARK, N. J, 
Circle 126 on 
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CHEMICAL 
DIVISION 


for low cost 
purification and drying of 
hydrogen and other gases 


The Deoxo Catalytic Purifier is combined with an extremely 
efficient automatically operated drying unit to provide 
oxygen-free hydrogen that is ideally pure and dry. The 
combined units are identified as the Deoxo Dual Puridryer. 
It supplies hydrogen with less than one part oxygen per 
million — dried to a dew point of —100°F. No inert gas 
purging is needed. The Deoxo Dual Puridryer can also be 
used with other gases such as: Nitrogen, Argon, Helium and 
saturated hydrocarbons, with equally fine performance. 
Write for descriptive literature. 


CHEMICAL DIVISION «© 113 ASTOR STREET 
NEWARK, N. J. 
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GOTA * ENGELHARD INDUSTRIES S.A.R.L., PARIS * ENGELHARD INDUSTRIES A/S. COPENHAGEN * GLOVER & GOODE PTY.,LTD., MELBOURNE * ENGELHARD INDUSTRIES, K.K., 
TOKYO * ENGELHARD INDUSTRIES, PTY.,LTO., MELBOURNE * ENGELHARD INDUSTRIES, LTO., ZURICH * INDUSTRIE ENGEL HARD S.P.A., ROME * GUILIANO STACCIOLI— METALL! PRE- 
ZIOSO $.P.A., ROME * INVERSIONES EN INDUSTRIES NACIONALES, S.A., BOGOTA, ASSOCIATED COMPANIES: KALIE-CHEMIE-ENGELHARD KATALYSATOREN G.M.8.H., HANOVER 


100°% OF ASSAYED PRECIOUS METAL CONTENT © IRVINGTON-BAKER REFINING DIVISION 


JUNE 1960 





Nylon replaces metal in this 

idling cam made by Chicago 

Molded for Holly Carburetor, 
By injection molding it of nylon, 
CMPC eliminated 3 operations—hard- 
ening, stamping, and assembly ... cut 
production costs 506%. A unique mold 
design provides for easy changes in the 
number and sizes of ratchets at min- 
imum expense. By any measure of value 
analysis, this is designing for profit. 
Think how this foresight could benefit 
your product, your profit. 


‘This new cable spacer, produced 

for PLM Products, Inc., speeds 

installation time on messenger- 
supported aerial cable systems. Cuts 
costs for service and utility companies. 
The unit locks in place automatically — 
no tools or bolts—no extra pieces to 
handle or drop. A weather-resistant, 
extra strength acrylic material was 
recommended and a unique mold de- 
sign permits injection-molding all parts 
in a single shot. 


WAYS 


to design for profit 


with Chicago A 
plastic parts 


= 


——— 


34 


lolded 


This is the molded plastic tur- 

bine fan wheel for the new Sun- 

beam “Dual De Luxe” Vacuum 
Cleaner Turbine Brush—first single 
shot plastic molding of a fan incorpo- 
rating the turbine principle. Nylon was 
used for its flexibility and resistance to 
impact of objects entering the cleaner. 
Involved also was a complex mold in- 
corporating 56 individual sliding cores. 
It’s another example of designing for 
profit by Chicago Molded. 


This transfer molded part is one 

of 10 Tormat memory blocks 

in the Seeburg Selectomatic 200 
phonograph. The Chicago Molded body 
involves closest tolerances at 10 key 
spots on each side of the blocks. Fine 
detail and dimensional stability, good 
dielectric properties and high moisture 
resistance were basic material require- 
ments met by CMPC. Our engineers 
can suggest ways to make your prod- 
ucts better by designing in plastics... 
designing for profit. 


Photo Courtesy Modern Plastics 


The Non-Combustible Gratelite 

Louver Diffuser was molded for 

Edwin F. Guth Company, St. 
Louis, This complex piece uses a spe- 
cially developed fire-resistant urea 
plastic material that retains required 
light diffusion properties. This new type 
louver is dimensionally stable and also 
dirt-resistant—another example of 
“know-how” in plastics molding by 
Chicago Molded. 


CMPC 


CHICAGO MOLDED 


PRODUCTS CORPORATION 
1020.£ North Kolmar Avenue, Chicago 51, Illinois 
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COMBINATION 
STARTERS IN 
SPIN-TYPE 
ENCLOSURES 


Here’s Allen-Bradley’s Bulletin 713 combination 
starter with circuit breaker—featuring conveniently 
removable spin-type cover and base—for use in 
hazardous gas and dust locations. Inside you’ll find 
the time-tested A-B Bulletin 709 solenoid starter. 

The consistent reliability of Allen-Bradley solenoid 
starters is a result of their design simplicity. With 
only ONE moving part, there’s virtually nothing to go 
wrong—this is your assurance of millions of trouble 
free operations. In addition, the double break, silver 
alloy contacts are always in perfect operating condi- 
tion—and remain so with no service attention. Also, 
all A-B starters have two permanently accurate 
thermal relays that protect motors against dangerous 
overloads. The reliability of these relays is not 
affected by atmospheric conditions. 

To insure maximum production with minimum 
maintenance, always insist on Allen-Bradley quality 
motor control. Please write for full information. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 


In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN-BRADLE 


Member. of NEMA 





Cutaway of Enclosure 

Shows Allen-Bradley combination 
starter. Screw-type cover and base 
permit quick access to the starter 
or the circuit breaker. 


A-B Bulletin 713 
Combination Starter 


NEMA 4 
Watertight 
Weatherproof 


NEMA 7 
Hazardous 
Gas Locations 


NEMA 8 
Corrosive 
Hazardous Gas 


NEMA 9 
Hazardous 
Dust Locations 
These enclosures remain available. Because of the trouble free opera- 
tion of Allen-Bradley control, bolted covers are not a problem. 





Quality 
Motor 
Control 


MORE MILLIONS 
OF OPERATIONS 


with 
Allen-Bradley 
Limit Switches 


There’s nothing now on the market 

to match the reliability and trouble free 

performance of Allen-Bradley Bulletin 

802T limit switches. They are 

completely oiltight—operating heads 

and switch bodies are sealed against 

oils, coolants, and metal chips. 

Operators cannot become sluggish or 

“stick” in operation—contacts cannot 

become fouled. The double break, 

silver contacts are always in 

perfect operating condition—and 

remain so without maintenance. a 
Insist on Allen-Bradley—the quality ‘4 

line of limit switches that will give you 

many more millions of trouble free operations. 

x 


Bulletin 802T Micrometer Adjustment Roller Lever Limit Switch ay 


REPETITIVE ACCURACY — Unique tog- FLEXIBILITY — All operating heads can FRONT MOUNTING REAR MOUNTING 
gle blade action assures operation at be rotated and fastened in any of four All Allen-Bradley Limit Switches can be mounted 


precisely the same point each time, positions 90° apart. . 
salient adhuioat, either from the front... or from the rear. 


9-60-RM 


ALLEN-BRADLEY | ferer’ 


Member of NEMA CONTROL 
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-ROCKWELL 


x FELIABILITY 


Dirt Sealed Out i oi 
ee MRC Synthe-Seal® bearings have a long record of 
") Ge eon an . satisfactory performance in thousands of applications 
including extreme conditions of dirt and moisture. 


MRC Synthe- Seal © BALL BEARINGS 


HAVE THESE IMPORTANT ADVANTAGES: 


Flexible synthetic rubber seal is bonded to steel core for strength 
Synthe-Seal® resists operating pressures 

Seal drag is controlled to give low torque with less power required 
Produce economy by eliminating maintenance time 

Reliability provided by elimination of down time 

Operating range from — 80° F. to + 225° F. 


Manufactured to standard AFBMA dimensions and tolerances 


Send for FORM 1528 
listing sizes available 


MRC Synthe-Seal® bearings are 
backed by 62 years experience in 


manufacturing ball bearings 


Marlin-Rockwell Corporation 


Jamestown, N. Y. 


€ Circle 129 on Inquiry Card Circle 130 on Inquiry Card 





IF YOU NEED CUSTOM PARTS 


Sylvania 
offers 
complete QC* 
service 


Helps you with completely objective rec- 
ommendations for your parts. Sylvania 
is backed by long experience in metals, 
plastics, welds and assemblies; can pro- 
duce parts utilizing a wide range of au- 
tomatic and semiautomatic equipment. 


Offers design assistance that can 
often improve the quality of your part, 
and lower production costs. 


Provides superior quality parts. 
Sylvania utilizes the most modern equip- 
ment available, and its experience in 
tooling means better quality at lower 
costs for finished parts. In addition, 
Sylvania preventive maintenance for dies 
and equipment assures you precise uni- 
formity, uninterrupted production. 


FORMED FROM METAL 


Sylvania can supply the parts you need—in the desired high production 
quantities—to the most exacting specifications— at lower costs. If your 
part is a deep-drawn eyelet, shell, cup or ferrule— Sylvania has already 
gained long experience in this field producing millions of fountain pen 
caps, curtain rod ends, etc. And if it can best be produced by four-slide 
equipment, Sylvania has produced millions of contacts, retainer clips, 
electrodes, etc. What’s more, vertical press equipment and special 
Sylvania-developed machines also can produce great quantities of 
small and medium-size parts to meet your needs daily. 


ELECTRICAL MANUFACTURING 





MOLDED FROM PLASTICS 


Sylvania maintains one of the world’s 
most complete lines of modern auto- 
matic molding equipment for compres- 
sion, injection and transfer molding. 
Example: a bank of rotary presses ideally 
suited to phenolics and urea. These 
presses can produce millions of parts 
each day and assure you efficient, quick 
and low-cost plastic parts in volume. 


CUSTOM WELDED 


Whether your part is 
standard-sized, miniature 
or subminiature, welded as- 
sembly is a Sylvania special- 
ty. To help meet your 
custom welding needs, 
Sylvania has developed new 
high-speed, high-volume 
welding techniques, ad- 
vanced welding equipment 
(automatic and semiauto- 
matic) and a corps of trained 
custom-welding specialists. 
Result: Sylvania welds as- 
sure better electrical and 
mechanical contact, mirror- 
image uniformity, low cost. 


*QC MEANS 


CUSTOM ASSEMBLED QUALITY CONTROL! 

Sylvania maintains a complete quality control de- 
partment to assure that parts are made to your exact 
specifications for each component. This control 
assembled and packaged product — using either works for you throughout the manufacturing cycle. 
all Sylvania components, all customer com- It’s just one more way you benefit when you put 


ponents or both—at lower cost than is possible Sylvania on the job for parts. — 3 . 
within the customer’s own facilities. For full details or a quote, write Sylvania Electric 


Result: If your product is small, the parts Products Inc., Parts Division, Warren, Pennsylvania. 


predominantly plastic and metal, and the quan- 
tities 50,000 or more, it pays you to have 
Sylvania trained specialists assemble it. 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS 
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Many of our customers have analyzed their 
parts assembly requirements. And they have 
found Sylvania can often deliver a completely 





stability and reliability 


OVER A WIDE TEMPERATURE RANGE: -65°C TO +175°C 


Hughes Voltage Regulator Diodes give your circuits greater | VOLTAGE REGULATOR DIODES (EIA-TYPES) 
Typical Test | 


stability and truer voltage control than ever before feasible over an | Type + fa 


Package 
extremely wide temperature range. The diodes’ flat zener dynamic re- | i 

sistance keeps noise to an absolute minimum and makes possible on | 

t 

T 

} 

| 


excellent electrical and mechanical reliability. 


Compare these features of Hughes® VR diodes: 
1. Voltage regulation to close tolerances. 2. Voltage regulation over a wide tem- 
perature range (—65° C to +175° C). 3. Voltage regulation with low noise. 


; ; z Creating a ane wens with ELECTRONICS 
The Hughes voltage regulator diodes are alloyed junction devices, | ; = oK= = 
which inherently demonstrate a sharp zener knee. They are ideal for | aT a 
voltage regulation, surge protection, AC-DC amplifiers (coupling de- | HUG H ES 
vices, biasing element), wave generators, andclippers.Seeyourauthor- . «5  U-_ eas 
ized Hughes distributor, or write Hughes Semiconductor Division sumicensu 
’ CTOR 
Marketing Department, Newport Beach, California. — 


‘ 
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A. 0. SMITH HAS THE HORSES... 


ALWAYS 
RARIN’ 
TO 


ow 


me 
cee Yours from the case of the A. O. Smith Motor Man 


.. the complete story of these 800 to 1 hp favorites gy 
| Through research .a@ better way 


and their winning ways in the toughest going 
AO.Smith 


ee BB La 


Long-life service, low maintenance and quiet operation are qualities 
that have been bred into the A, O. Smith line, That’s why they’re 
the go motors — the integrals you can depend upon when the going 
gets tough. You can hitch your application to single-phase models 
(1-5 hp) or polyphase (1-800 hp). Also a full line of fractional-hp 


motors. A. 0. SMITH INTERNATIONAL S. A. 
And it’s always post time for your nearby A. O. Smith Motor we Milwaukee 1, Wisconsin, U. S. A. 


Tipp City, Ohio 


Man — off and running to provide 24-48-hour action on all parts 
and service orders. Copyarent 106 1960, A. vA. ©. SMITH CORP. 


_ 
| 
| 
| 

ELECTRIC MOTORS | 
| 

2 
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SIGNIFICANT 


RBM 
FAMILY 
GATHERING 


Keeps Air Conditioning 


This is a planned family. Each control is meticulously 
engineered for a special task . .. meets extremes of de- 
pendability . . . and is priced to the needs of volume 
users. RBM’s development of the “‘parent”’ control 
led to quick recognition of the air conditioning in- 
dustry’s need for a complete family. Now there is a 
single source for all magnetic air conditioning controls. 


WHAT DOES IT MEAN TO YOU? Simply this: 
what RBM has done here . . . and in scores of other 
cases... it can do for you! RBM has the engineering 
staff and the manufacturing facilities to help you with 
any control problem you have. Either one that exists 


now... or one that is in the development stage. If 
the application can be served by an existing control, 
we will find it. If the application demands a special 
design, we will develop it. RBM, in close cooperation 
with other Essex Divisions, can even help you engi- 
neer a complete control system. 

That’s where RBM can save your time, your nerves 
and your company money... including frequent 
savings in “finished product” cost. 

Consult your local RBM Product Application Engi- 


neer, or send your specifications direct. 


OTHER ESSEX ENGINEERED CONTROL COMPONENTS 


Wire and Cable 


A complete line of appliance 
wiring material, radio, tele- 
vision and electronic hook-up 
wire, 200° C high temperature 
Sil-X wire, automotive wires 
and cables, and flexible cords 


Essex Industrial 
Wire Products, 


Wire and Cable Div. | A¢' 
Essex Wire Corp. 
Marion, Indiana pesebcdy® 


L 


Coiled Cords, Cord Sets 


Plastic and rubber power sup- 
ply cords. Terminations of all 
types (molded plastic and 
rubber). Complete line of 
Coiled Cords in HPN, Type SP 
and Types SV, SJ; covering 
full appliance range. 


CORDS, LTD. 


Wire and Cable Div. 
Essex Wire Corp. 
DeKalb, lilinois © 


Industrial Plastics 


Flexible and rigid vinyl ex- 
truded shapes and foam cus- 
tom designed and volume 
manufactured to meet your 
exact needs. Now producing 
for a variety of industrial ap- 
plications. 


Carolina Indust:ial 
Plastics Div. 
Essex Wire Corp. ® 


Mount Airy, North Carolina 


ELECTRICAL MANUFACTURING 
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Under Complete Control 


(A) SERIES 129000 SHUNT TYPE RELAY—SPNO, SPNC 
or NO-NC For standard commercial voltages. Other coils 
available for special application. For heater, fan control, general 
circuit switching, etc. Write for bulletin 1010A. 


(B) SERIES 128000 POTENTIAL STARTING RELAYS For 
starting single phase capacitor start compressors. Write for 
bulletin 1010A. 


(C) TYPE S-30, S-40 CONTACTORS Rated 30 or 40 amps. 
Low cost, small size. Exceeds rigid requirements of industry's 
largest users. Write for bulletin C-10. 


(D) TYPE 75 POWER RELAY Low cost, dependable. Han- —_ , 

dies up to to 6000 W. at 240 V., resistive load per pole. Com- (F) TYPE C-30, C-40, C-50 CONTACTORS 2-3-4 pole 30 amp.—600 
pressor rating 2 poles, 18 amp. running, 90 amp. locked rotor volts. 2-3-4 pole 40 amp. —230 volts. 2 pole 50 amp.— 230 volts. Same mount- 
at 250 volts. Write for bulletin 1030. ing holes and coils for all ratings and pole forms. Write for bulletin 1070, 


(E) TYPE 80 CONTROLLER Specific design for nominal (G) GENERAL PURPOSE RELAY 98000 Series AC or DC. Permits engi- 
3 HP or 3-ton single phase compressors. Write for bulletin C-11, neering short cuts lowering “finished product” cost. Write for bulletin 1060, 


For a complete set of bulletins on all of these controls write today, 


HH RBM Controls Division 


Essex Wire Corporation, Logansport, Indiana 
Factories located at North Manchester and Logansport, Indiana 
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icorder directly records 


The Vi 





Ce) 


The Emerson Research Laboratories at Washington, D.C., 
directly-recorded this chart on a Honeywell Model 906 
Visicorder. The chart shows a canceller test of a number 
of letters through a new mail-handling machine devel- 
oped by Emerson for the U.S. Post Office Department. 


In this test, the Visicorder took only 3 hours to reveal 
information that would have taken 3 weeks to get by any 
other means: what factors were responsible for the chang- 
ing speeds of letters as they traveled through the machine 
at the rate of 30,000 letters per hour. Constant letter- 
travel speeds were necessary in order to register the 
cancellation mark on the stamp every time. 


This Visicorder record revealed that motor speed varia- 
tions, belt slippage and slippage of the letter in the drive 
rollers were responsible. A synchronous drive motor, a 
timing belt drive and a better grade of rubber in the drive 
rollers were added to solve the problem—at a vast saving 
in engineering time. 


Milton Stovall, Emerson Project Engineer, uses the Visicorder to measure 
roller bounce caused by various letter thicknesses, and the consistency of letter 
speed through the new Emerson Automatic Mail Cancelling and Facing Machine. 


high-speed letter travel 


Recent Models of the 906 Visicorder 
incorporate time lines and grid lines 
and record up to 14 simultaneous chan- 
nels of data. 


The NEW Model 1108 Visi- 
corder, with many automatic 
Seatures and the convenience of 
pushbutton controls, is ideal for 
intermediate uses requiring up 
to 24 channels of data. 


The Model 1012 Visicorder is 
the most versatile and conven- 
tent oscillograph ever devised for 
recording as many as 36 chan- 
nels of data. 


The Honeywell Visicorder is the pioneer, completely 
proven, and unquestioned leader in the field of high-fre- 
quency, high-sensitivity, direct-recording ultra-violet os- 
cillography. Here are some of the reasons why Visicorders 
provide the most accurate analog recordings available: 
constant flat response and sensitivity of galvanometers; 
grid-lines simultaneously recorded with traces to guar- 
antee exact reference regardless of possible paper shift 
or shrinkage; flash-tube timing system for greater accur- 
acy of time lines; superior optics for maximum linearity 
of traces. 


No matter what field you are in... research, development, 

computing, rocketry, product design, control, nucleonics 
. . the high-frequency (DC to 5000 cps) Visicorder 

Oscillograph will save you time and money in data ac- 

quisition. 

Call your nearest Minneapolis-Honeywell Industrial Sales 

Office for a demonstration. 


Reference Data: write for Bulletins 1108, 1012, and HC906B 


Minneapolis-Honeywell Regulator Co. 
Industrial Products Group, Heiland Division 
5200 E. Evans Avenue, Denver 22, Colorado 


th 
PI ERING THE FUTURE 
YEAR 


Honeywell 
HH) Qudustrial Produits Group 
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Improved Vulcanized Fibre has the 
formability and strength to be deep 
New “Taylorite’” drawn into many intricate shapes 


is a veritable There has been a big change in Taylor Vulcanized Fibre, including 
the name. New processing equipment and atmosphere-controlled 
workhorse storage facilities have enabled us to make major advances in over- 
all reliability—including uniformity from lot to lot—at no increase 
in cost to you. Among the improvements are better formability and 
capacity to be deep drawn. These, combined with greater tensile 
strength, flexural strength and dielectric strength, make new 
Taylorite an ideal material for 1001 industrial applications. 
Samples are available. Test them for yourself. Put them under 
tension, flex them, compress them, form them. You will find that 
new Taylorite survives your severest tests. And remember, Taylor 
offers complete design and engineering service. Write for Data 
Sheet 2-0 and samples. Taylor Fibre Co., Norristown 37, Pa. 
TAYLORITE vulcanized fibre meets deep draw requirements. Material 


used was .060 in. thick sheet of commercial grade. Forming of the 
welder’s helmet was performed under normal production conditions. 


aylor 


LAMINATED PLASTICS ME VULCANIZED FIBRE 
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TO THE ENGINEER 


who can’t tolerate a lapse of memory 


JUNE 1960 


If you’re working on a think machine that 
can’t afford to break its train of thought, 
consider AE’s pint-size, fast-stepping OCS 
switcher. Unlike electron tubes and relays, 
this sophisticated device won’t lose stored 
memory in the event of power failure or 
circuit interruption. 


Besides, it can do the work normally assigned 
to whole banks of relays. 


The AE Series OCS will follow or initiate a 
prescribed series of events or cycles at 30 
steps per second impulse-controlled, or 65 
steps per second self-interrupted. Any pro- 
gramming sequence can be set up on one to 
six cams with as many as 36 on-and-off steps 


per cam. And each cam will actuate as many 
as six contact springs. 


In any event, if your designs involve relays 
or stepping switches, AE circuit engineers 
may be able to save you a pretty penny. Or, 
if you’d like to leave the switching to us, 
we’re equipped to supply prewired and 
assembled, custom-built control units, or help 
you develop complete control systems. 


To explore the matter, just write the Director, 
Control Equipment Sales, Automatic Elec- 
tric, Northlake, Illinois. Also ask for Circular 
1698-H : Rotary Stepping Switches; Circular 
1702-E: Relays for Industry; and our new 
32-page booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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for a Solution to 
STOP 


MOTOR BURNOUTS 


RESULT... @ Eliminate Motor Burnouts @ Get Maximum Motor Output 
@ Reduce Costly Equipment Down Time 

No matter what the motor application . . . whether it be textile looms or turret 
lathes . . . ventilating fans or rolling mills . . . built-in KLIxXon Protectors keep 
motors from burning out under all conditions that cause overheating. 

Built-in by the motor manufacturer, as an inherent part, KLIXON Protectors are 
matched to the thermal characteristics of the motor providing a tested and proven 
combination to assure full protection. KLIxon Protectors safeguard motors and 
prevent burnouts caused by the following conditions . . . prolonged overloads, un- 
balanced voltage, stalling, failure to start, increased ambient temperatures, lack of 
ventilation, plugging,or reversing duty, and single phasing. 

And remember, get the same complete protection in your single phase motors, too. 

KLIXON protected motors are available from your motor supplier. The additional 
cost is low, the savings great. Ask your motor supplier for KLIXON protected motors. 

Write for a free copy of Bulletin PR-1243. It gives the complete story. 


“~ TEXAS INSTRUMENTS 


INCORPORATED 


SPENCER PRODUCTS METALS & CONTROLS DIVISION 
3605 FOREST STREET . ATTLEBORO, MASS. 


SPENCER PRODUCTS: Klixon® Inherent Overheat Motor Protectors + Motor Starting Relays « Thermostats + Precision Switches « Circuit Breakers 
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tough tests for incoming material 


Bi Shy 


finest alloy resistance wire 


ba wee 
RESISTOR 


YOU CAN 
STAKE YOUR 
REPUTATION ON 


specially selected ceramic core materials 


ase 


our own VITROHM enamel, first coat.. 


Built-in VITROHM reliability, from core to final vitreous 
enamel, lets you solder these resistors in and forget ’em 


They come in a tremendous variety of 
sizes, shapes and ratings, but all Ward 
Leonard VITROHM resistors have one 
thing in common: They’re built for 
maximum reliability. 

Take just one point—ceramic cores, 
for example: Made by Ward Leonard 
to exacting specs, the cores feature 
low-porosity, high-dielectric-strength 
ceramic for maximum moisture exclu- 
sion and good electrical insulation. 
What’s more, the thermal coefficient 
of linear expansion of ceramic is spe- 
cially selected to make the core com- 
patible with resistance wire, enamel 
and terminals... to prevent cracking, 
crazing, peeling, or layer separation. 


JUNE 1960 


And there’s thesame meticulous care 
with all the other elements that go to 
make up a finished VITROHM resistor: 
terminals, spot welded or brazed junc- 
tions, resistance wire, and last but not 
least, W/L VITROHM enamel, formu- 
lated and manufactured in our own 
modern enamel smelting plant... pro- 
vides complete electrical and mechani- 
cal protection. 

To insure reliability in your product 
... specify VITROHM’s. Write for data 
packed catalog #15, and list of stock- 
ing Electronic Distributors: Ward 
Leonard Electric Co., 34 South Street, 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada Ltd., Toronto.) 9.4 
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A glass yarn “skeleton...with an asbestos “skin 


With new Quinorgo R-4...you get high mechanical 
Strength and lasting dielectric properties in one sheet 


Need an insulation paper with the excel- 


bid a : lent handleability that results from high 
sais For the first time... | mechanical strength? 


1M Fiber Glass Yarn | Because L-O-F Glass Fibers Company has 


joined the Johns-Manville family, you can 


and J-M Asbestos Fiber | now get excellent handleability along with 


Err: 


good lasting electrical properties in new J-M 

Quinorgo® R-4. 

3S: An open cloth of tough J-M fiber glass 

‘tid in ol ; rarn—the same uniform, low-twist yarn 
na sin , | es a 

in a gle insulation widely used for efficient magnet wire pro- 


duction—provides great strength in both 


_ are integrally combined 
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...NOW gives you 2-ways-better insulation 


JUNE 1960 


machine and cross-machine directions. Pre- 
vents tearing, penetration; gives improved 
handleability for today’s high-speed fabrica- 
tion techniques. The glass fibers resist mois- 
ture .. . won’t shrink or swell . . . and they 
withstand temperatures up to 1000 F. 


Need dielectric properties that stand up 
under high operating temperatures? 


You get lasting dielectric strength in new 
Quinorgo R-4. Highly purified asbestos fiber 
—formed integrally with the glass yarn as 
part of the papermaking process — retains 


its electrical properties under high-sustained 
operating temperatures. The asbestos has 
near-unlimited thermal resistance, too. 


Quinorgo R-4 is currently supplied in 10- 
mil caliper for rotating equipment. For this 
or other electrical insulation needs, contact 
your nearby Johns-Manville representative. 
In addition to Quinorgo R-4, he can supply 
a wide range of asbestos-based insulations 
treated with Class B, F, or H resins. Send 
for helpful data sheets. Johns-Manville, Box 
14, New York 16, N. Y. In Canada: Port 
Credit, Ontario. 


JOHNS-MANVILLE uy 


Pp 
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OHIO RUBBER IS THE 
GOOD SOURCE 
FOR THE OEM! 


ACROSS THE BOARD in industry, 
ORCO IDEA PARTS offer the de- 
sign engineer product quality evolved 
from Ohio Rubber’s years of expe- 
rience in supplying ““Customeered”’* 
components for outstanding original 


equipment manufacturers nationwide. 


ORCO CUSTOMEERING* is geared to 
cut production costs—to deliver a 
better part. And it goes to work for 
you as soon as performance require- 
ments are checked, a materials recipe 
is formulated, expense-shaving design 


ORCO IDEA PARTS 
shape up OEM designs-—profitably! 


modifications, if necessary, suggested. 
The full scope of ORCO integrated 
design, research and practical in- 
genuity in custom-manufacture of 
rubber, synthetic rubber, silicone 
rubber, polyurethane, and flexible 
vinyl components is focused on your 
component. 

ORCO CAPACITY offers the facilities 
of four modern plants. These include 


design, building, and maintenance of 


precision molds and dies . . . perma- 


nent bonding-to-metal . . . compres- 
sion and transfer molding 
extruding of all shapes, sizes, and 
types . . . complete laboratory facili- 
ties . . . statistical quality control... 
coordinated production control. 
SUGGESTION — send ia 
for ORCO Bulletin 715 i FF 
for the complete sh 
money-saving story of mt 
“Customeering’’. It’s CUSTOMEERING 
yours for the asking! 


*Trademark of The Ohio Rubber Company DE-160 


THE Oxo Russer ComPAny 


General ottices WWVLLOUGHBY, QHIO « wwienair050 TT, 
A DIVISION OF THE EAGLE PICHER COMPANY o6piener 
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ASO mechanically held relays are power driven 
in both directions with no dependency on springs or latches 
for operating or mechanically holding contacts 


Special ASCO Relay with 6 
D-C Poles for 600 volts, 3 A-C 
Poles for 230 volts and 125 
volts D-C control. Note Blow- 
evts on D-C Poles. 


Mechanically Held Relays are only part of the complete line 


The Unique ASCO Mechanically 
Held Movement 

When the solenoid is ener- 
gized, eccentric cam (E) is ro- 
tated. Weight drive pin (W) 
causes movement of operating 
lever (O). Lever (O) (connect- 
ed to the contact finger block) 
rotates on pivot pin (P) and 
contacts such as (C) are 
opened or closed. 

Note that with the solenoid 
de-energized, the entire mech- 
anism is firmly locked in place 
by the angular position of the 
linkages—no springs, latches, 
or semi-permanent magnets are 
required! 


ASCO Mechanically Held Relays 
AC and D-C...to 25 Amperes 


Combinations to 24 Poles 


ts sadededets 


Control panel using ASCO 
Mechanically Held A-C Relays 
(Bulletin 1256-168). Notice 
multiple pole and double 
throw arrangements. 


ASCO Power Driven Relays with No Springs or Latches: 


* Provide higher contact pressures 
* Minimize the possibility of contact welding 
* Insure positive operation 


Design simplicity is provided in ASCO Mechanically Held 
Relays through use of a single solenoid coil mechanism. 
The coil is momentarily energized during the instant of 
operation only. This momentary surge of power electrically 
operates the relay to open and close contacts; thus the relay 
is power driven in both directions, with no dependency on 
springs or gravity for operating and mechanically holding 
the contacts. 


FEATURES 

* No A-C hum or chatter * Operate in any position * Compact con- 
struction permits mounting on metal surfaces or panelboards * 
Operated by single-coil mechanism—positive in each direction * 
Silver contacts rigidly locked open or closed by angular relation 
of linkages—no delicate hooks or latches * Signal lamps require 
no extra contacts or control wires * Enclosed rating same as open 
rating due to liberal design and momentary mechanism without 
coil losses * All parts finished in cadmium plate or black to present 
good appearance and to match larger ASCO Switches. 


APPLICATION 
ASCO Mechanically Held Relays are used for automatic or 
remote control where A-C hum or chatter is objectionable, 
where coil loss is undesirable or where relays must not 
change position when the control circuit fails (low voltage 
release). ASCO Mechanically Held Relays are often used 
for master control of other control equipment, to prevent 
loss of voltage or control failure. These relays are frequently 
used for electric heaters, lighting, and similar applications. 


SPECIALIZED RELAYS 


of Relays made by ASCO. Our Catalog 57-S4 lists: 
MAGNETICALLY HELD RELAYS 


A-C or D-C... Normally Open... Normally Closed...Double Throw 


... Reverse Current 
.- Time Delay 
. Brake Winding Time Delay 
.- Close Differential 


ASCO Electroma 


Automatic Switch Co. 


JUNE 1960 


ASCO Magnetically Held Relays use a physical arrangement 
which parallels that of ASCO Rocker Type Mechanically 
Held Relays. Since the two types are similar in appearance, 
they help to increase the attractiveness of control panels, at 
the same time offering interchangeability of contacts. 
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gnetic Control 


59-14 HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES « ELECTROMAGNETIC CONTROL 
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revolutionary breakttrough in magnet wire! - 





Now one film wire can 
replace six or more 
standard films... 


It’s PHELPS DODGE 


Another Example of Phelps Dodge 
Applied Research! 


In developing POLY-THERMALEZE, the indus- 
try's first multipurpose magnet wire, Phelps 
Dodge has made a major contribution to the 
electrical equipment field. This polyester film 
wire combines the outstanding properties of 
six or more conventional wires for motor, coil, 
dry type transformer use. POLY-THERMALEZE 
does not sacrifice one property for another— 
is completely balanced in all. It offers a ready 
means of reducing cost by standardizing 
inventory to one wire for most applications. 


Any time your problem is magnet wire, 
consult Phelps Dodge for the quickest, surest answer! 


FIRST FOR 
LASTING QUALITY 
FROM 
MINE TO MARKET! 


PHELPS DODGE COPPER PRODUCTS 


CORPORATION 


INCA MANUFACTURING DIVISION 
FORT WAYNE, INDIANA 





A New Concept in Voltage Measurement 
Bruela Kjaer TRUE RMS VOLTMETER 


hie a. 
For measuring other signals 


The accuracy of standard volt- 
of a complex nature, as above, 


meters having a scale calibrated 


in RMS is stated only for meas- only a voltmeter having a 


true RMS Detector should be 
used. A voltmeter without this 
feature gives an error that is 
often more than 10% of 

the measured value. 


urement of a single sinusoidal 
signal as above. 


Now—a really practical True RMS 
Voltmeter priced for general purpose * A practical True RMS Voltmeter for general 
purpose AC measurements! 
* Covers the full range of voltage measurement 
with consistent accuracy for ALL signals! 
, A really rugged instrument-—fully protected 
MODEL 2409 PRICED AT $315.00 against overload voltages. 
Fast and slow meter damping. 
| saioenen Covers the frequency range 2 to 200,000 
Please send me c/s + O.2 db. 


|} B & K RMS Voltmeter Brochure 
[|] B & K Complete Line Catalog 


AC voltage measurements! Write for 
complete information NOW! Immedi- 
ate delivery. 





=; B & K INSTRUMENTS, Inc. 


CA URL a ena een ee me, KL) 
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HOW LOUIS ALLIS 
DOUBLED THE BENEFITS 
OF SIL-FOS BRAZING 


Higher operating temperatures and output demands in electric motors 
have prompted Louis Allis of Milwaukee, Wisconsin, to switch from 
soft solder to S1IL-Fos 5 brazing on their stator windings. No stranger 
to S1L-Fos, Louis Allis has brazed rotor end rings for years. Now they 
get these benefits on both vital parts of their motors: 


Here, operator hand brazes a winding on a motor 
STRENGTH— The strength of a properly designed and brazed SIL- stator. Increasing motor output requirements 


Fos joint exceeds that of the metals joined. Furthermore, joints demand greater overall operational reliability. 
do not “‘creep’’ even when hot. Here are some typical values: With SiL-Fos 6 brazed joints reliability is 


assured. 
at 300° F in copper: 30,000 psi. In brass: 35,000 psi. 
at 400° F in copper: 28,000 psi. In brass: 31,000 psi. 


conbuctivity—Tightly fitted standard lap joints are fully as 
conductive as copper. 


puctitity—SIL-Fos joints have exceptional ductility; enabling 
them to withstand stresses and strains of vibration, shocks 
and radical temperature changes fully as well as the metals 
they join. 


EASY INSTALLATION—FAST PRODUCTION—With SIL-FOS you can get 
any production you want—you have a choice of heating meth- 
ods, jigging setups, inspection techniques, etc. 


ECONOMY—Low flow point, fast brazing action, reduced labor 
costs, and vastly reduced reject rate, plus the small amount of 
alloy needed to make a joint put SIL-Fos in a low-cost category 
unequaled by other methods. 


Starts to flow at Free Flowing at 
oF bs | °F ¢ 


SIL-FOS 
SIL-FOS 5 


For use in joining ONLY nonferrous metals. Used particularly on copper, brass and bronze. Rotor ring hand brazing with Sit-Fos has long 

Specially effective in joining pipe and tubing and on electrical work. been the practice at the Louis Allis Co. The 
success achieved here has been applied to the 
above with equally excellent results. 


Further details on Si1t-Fos and ——\ 
Si1-Fos 5can behadintheformof “== | Your NOAM Source of Supply and Authority on Brazing Alloys: 19» 
Technical Literature from Handy age \ onsoeevont. cone. 
& Harman. Send for Bulletin 20, Our “a % . cnn ane 
research and engineering people are ane 4 a ed oD y x Aa A te Be A ind eleven. oma 
ready and willing to help you with % LOS ANGELES, CALE 


any metal joining problem or plan $= General Offices: 82 Fulton $1., New York 38, N.Y. eneuane, onus? 


you may have. " DISTRIBUTORS IM PRINCIPAL CITIES wonracas, canaca 
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MICRO SWITCH 
Modular 
Lighted 


Push-Button 


Switches 


HONEYWELL 
PIGREERING THE FUTURE 
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Modular Customizing... 


Give your control panel a touch of tomorrow in appearance, the 
assurance of MICRO SWITCH reliability, and the customizing that will 
precisely fit your control and display functions. These Series 2 lighted 
push-button switches perform both control and indicator jobs which 
saves panel space on computers, graphic flow panels, electronic data- 
processing equipment and many other installations. They simply 
snap together to fit your styling requirements, then snap into slots 
in the mounting panel—all without tools. 


Complete design freedom... 
units serve as remote indicators 
only or indicator-switches 


You have complete design flexibility. Select from 48 different units 
and 16 mounting barriers differing in size and color. Forty different 
color display screens include lateral and longitudinal color divisions. 
Indicators and operator-indicators are available with 2 or 4 lamps 
and light output of lamps may be colored by choice of 4 different 
color filters. You may choose operator-indicator switch units or in- 
dicator units only. These modular units meet the very latest require- 
ments for panel design in the field of Human Engineering. 


Reliability ... 
from the best in basic switches 


The last word in the reliability of your control panel depends on 
the basic switches used. You can be sure of that reliability with 
MICRO SWITCH units, and you can choose from eight different series 
of basic switches to fit your requirements exactly. These include 
switches for low-energy circuits, for handling D.C. loads up to 10 
amperes, 125 volts, and for direct control of A.C. motors of up to 
two h.p. Alternate-action units, momentary-contact units and others 
for the control of multiple circuits are also available. Write for 
Catalog 67 or contact the nearby MICRO SWITCH Branch Office 
listed in the Yellow Pages. 


MICRO SWITCH ... FREEPORT, ILLINOIS 


A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronte 17, Ontario 


Honeywell 
MICRO SWITCH Precision Switches 
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GET MORE PROTECTION 
FROM HEA at no extra cost 


Why settle for ordinary 105°C grade vinyl insulation tubing 
when Resinite Super-Heat 125 gives you far greater protec- 
tion from heat at no extra cost? 

Super-Heat 125, in 105°C applications, gives full protec- 
tion at temperatures from —42°C to 125°C plus protection 
from oil and pitch. This Resinite specification grade vinyl 
tubing is available in sizes from .018” to 2” I.D., and in 
clear as well as five colors. 

Your Resinite Distributor has complete information on 
Super-Heat 125 and other Resinite materials to solve your 
insulation sleeving problems. For samples and performance 
data, write: 

Resinite. Department, The Borden Chemical Company, 
1 Clark St., North Andover, Mass., and P. O. Box 430, 
Compton, Calif. 


ELMER 


IFITS A Loren io 


@The Borden Company 
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Super-Heat 


yas 


vinyl 
insulation 
for all 105°C 
applications 


RESINITE SUPER-HEAT 125 


Extra-wide temperature range: Effective from —42°C 
to 125°C. 


Exceptionally tough: Highly resistant to abrasion and 
cut-through. ‘ 


e High Dielectric: 1000 volts/mil avg. 


e 5 Colors: Black, white, blue, yellow, green. 
e Superior Oil Resistance: Withstands prolonged exposure 


to hot oil, tar, varnish, pitch. 
Full Size Range: .018 in. through 2 in. L.D. 


Exclusive “Soft-Wound” spooling assures full-round 
sleeving. 


Resinite—specialists in vinyl sleevings and tubing for elec- 
tronics, electrical, aircraft and pharmaceutical fields. 


Chemical scor10% sooo 
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La. 
GEAR4O=MATIC 


INSTANT-REVERSING MOTOR 


DEPENDABILITY for stop-go, forward-reverse motion 

with full power, high-torque start. Operable 

manually, by built-in limit switches,or as automation 
requires. SAFETY assured with automatic, instant reversal 
when driven product meets predetermined resistance. 
ECONOMY as a low cost packaged operator unit 

... quick and easy to install or integrate with your 
product or system. 


POWER-FULL 
GEAR REDUCTION 


Worm gear drive from capaci- 
tor-start Franklin Electric 
Motor applies full power in- 
stantly upon reversing at built- 
in limit switch setting. 

Driven system or product may 
be instantly reversed at: any 
time during forward or reverse 
cycle by manual or automatic 
switch; or by automatic opera- 
tion of built-in safety device. 


GEAR-O-MATIC® performs 
all functions typically required PATENTS 
in radio-controlled or manual- PENDING 
switch garage door operation Integrated with the Franklin Electric Motor is a 
. functions applicable to op- control box with 24 volt A. C. circuitry. System 
eration of many other products includes plug-in connection for radio or automation 
. perhaps yours. control and receptacle for light bulb or power ex- 
tension line. All limit and safety reversing switch 
settings are adjustable 


tL Pranhfin Electric Co., Inc. 


BLUFFTON, INDIANA 
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INDOX V opens NEW 
design avenues in permanent 
magnet applications 


Use of Indiana Steel’s Inpox V by design engineers continues to 
grow by leaps and bounds. So much so that the company has just 
completed a new plant solely for the production of this remarkable 
ceramic magnet material. Designers find it the answer where other 
materials didn’t measure up. Today it’s in big volume demand by 


major users of permanent magnets. 


Here’s a summary of basic data on Inpox V. Investigate this 
material. It has helped others outstrip competition — both in prod- 
uct design and cost reduction. It could do the same for you. What- 
ever you're working on, keep this information close at hand — or 
write for the complete story on INDox V, and ask about design help 
on any project that involves permanent magnets. 


Permeonce coefficient, P 
22 25 275 30 35 


~\ 


f 


«Myx 10° 


Demagnetizing force H, cersteds 


Demagnetization ond energy product curves for oriented ceramic magnet material, index V 


What Is Indox V? 
Inpox V is a highly oriented bari- 
um ferrite permanent magnet mate- 
rial—the first to be produced in this 
country on a commercial scale, Like 
other ceramics, it is a non-conductor, 
hard, brittle and lightweight—much 
lighter than metallic alloy magnets. 
It has an energy product 314 times 
that of non-oriented ceramic mag- 
nets. 

Typical Characteristics of 
Iindox V 
Coercive Force (H.), oersteds 2,000 
Residual Induction (B,), gauss 3,840 
Peak Energy Product (BgHg) 3.5x10¢ 
Reversible Permeability 1.05 
Temperature Coefficient 
of Reversible Flux Change 0.19% /°C, 
Magnetization Field for 
Saturation, oersteds 10,000 
Ba Fe;2 Oise 
5.0 or 
.181 Ib/eu in 
Inpox V is made of readily avail- 
able, non-critical materials — an im- 
portant design consideration for 
long-range production plans, In the 
precisely controlled manufacturing 
process, magnet shapes are die- 
formed from powdered material un- 
der high pressure, then sintered in a 
special high-temperature furnace. 
Standard shapes of InpDox V mag- 


Chemical Composition 
Specific Gravity 


62 
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Energy product, 8,H, x 10° 


Induction 8, gouss 





nets available from stock include 
wafers, rings and cylinders in most 
practical sizes. Special shapes and 
sizes can be produced for unusual 
applications. 


Special Properties 


The unique characteristics of Inbox 
V often have indicated its use in 
areas of design where the applica- 
tion of permanent magnets formerly 
was considered impossible. 


High resistance to demagnetization. 
The high coercive force of Inpox V 
permits much shorter magnet lengths 
than is possible with other materials, 
but larger magnet area is necessary 
because of lower flux density. 


High resistivity. As a non-conductor, 
Inbox V can be used where other 
materials would create unwanted 
current paths. In the presence of 
high-frequency alternating fields, 


INDIANA STEEL PRODUCTS 


Division of 


Indiana General Corporation 
VALPARAISO, INDIANA 
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eddy current losses and associated 
heating effects are extremely low. 


Low incremental permeability. The 
change in flux that results from a 
change in demagnetizing influence is 
lower in Inpox V than in any other 
magnetic material. Thus, Inpox V 
maintains a more constant field in 
the presence of external fields be- 
cause variations in its flux are small. 


High energy per unit volume. On an 
equivalent weight basis, the energy 
product of Inpox V is comparable 
to that of Alnico V — the strongest 
permanent magnet material avail- 
able — and 31% times that of non- 
oriented ceramic magnets. Optimum 
area is 514 times the area of an equal 
Alnico V magnet, about half the area 
of a non-oriented ceramic, Optimum 
length is 28 percent that of Alnico V. 
Since Inpox V requires less mag- 
netic material and less space, the 
cost per unit of usable energy is 
extremely low. 


Resistance to radiation environ- 
ments. Recent comprehensive stud- 
ies of the effects of nuclear radiation 
on permanent magnet materials in- 
dicate that Inpox V meets or ex- 
ceeds environmental requirements 
for equipment likely to be used in 
nuclear-powered aircraft and ballis- 
tic missiles. 


APPLICATIONS 


Loudspeakers 
lon pumps 


Door closers: 
refrigerators 

Conveyors and 
automation 

Magnetic switches 


Holding 


Magnetic chucks 


Synchronous drives: 
Electro- Motors 
* DC fields 
Mechanical pnd 
Generators 
Temperature 
control 
Magnetic 
separation 


Inpox V has proved successful on 
the above applications. If you want 
to know more about this outstand- 
ing material in relation to your 
product write. B-6 


INDIANA 
ate 
WAG Laps 


IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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HAYDON 


Timing Devices 


help insure dependable operation 
of RELIANCE ‘‘V«S’’ DRIVES 


Famous Reliance “V*S” (Variable Speed) Drives are used 
in the nation’s leading steel, paper, and chemical plants . . . 
and in hundreds of other industrial applications where fail- 
ure of the drive unit would cause the loss of thousands of 
dollars in work spoilage and downtime. Because depend- 
able performance is a primary requirement for all compo- 
nents, Reliance uses Haydon Time Delay Timers in its 
V*S Drives to protect vital thyratron tubes by delaying 
flow of electricity to the tubes for a precisely timed interval. 
This allows the cathode to reach correct operating temper- 
ature, and protects against tube failure during the first few 
minutes of operation. 

like this is available for your applica- 


Timing performance 
tions. For additional information on Haydon Timing 
Motors and Devices, write for our General Catalog. 


Meeting Special Requirements with Standard Units. .. 
The Haydon Timing Devices used on Reliance V**S Drives are 
standard DA-21 Time Delay Timers . . . with special modifica 

tions developed by our expert application ere In this wey, 
individual timing needs are met exactly . . . without incurring 
the cost of custom timers. 


Division of H. ayd on 


General Time Corporation 
AT TORRINGTON 


2530 EAST ELM STREET, TORRINGTON, CONNECTICUT 





FULL LINE OF HIGHEST BETA GER 


New Tl high-efficiency emitter 


gives you high beta 
sermanium power transistors! 


Now minimum and max- 

imum betas are guaran- 

teed from 20 to 60 at the 

maximum current rating 
of Ic 25 amps in new TI 2N514 series tran- 
sistors. New high efficiency emitter makes pos- 
sible greatly improved specifications for TI 
2N456, 2N511, 2N512, 2N513, 2N514, and 
2N1021 series alloy-junction germanium power 
transistors. 


Tl gives you design leadership in quality germanium power transistors 


INCREASED BETA 

THROUGH HIGH-EFFICIENCY EMITTER 
Emitter efficiency can be improved by increasing 
the ratio of resistivities between the emitter and 
base region. For example, when a 10 ohm- 
centimeter resistivity germanium wafer is used 
as the base material, it is advantageous to have 
less than a .01 ohm-centimeter resistivity emitter 
regrowth region. Since initial doping of the 
germanium crystal establishes base resistivity, 
the ratio can be changed only by varying the GERMANIUM 
emitter material. TI utilizes an emitter material 
that results in a lower emitter resistivity and an 
increased emitter efficiency, plus providing the TRANSISTORS 
higher beta at high currents. 


Optimum reliability for all Tl germanium 
power transistors is assured by .. . 100% 
testing . . . 100% temperature cycling . . . 
100% hermetic seal testing . . . continuous 
and intensive quality assurance program. 
Write on your company letterhead for 
germanium power transistor specifications. 


POWER SWITCHING/DEFLECTION CIRCUIT 


TEXAS rf INSTRUMENTS 


INCORPORATED 


SEMICONDUCTOR-COMPONENTS DIVISION 
® 13500 N. CENTRAL EXPRESSWAY 
POST OFFICE BOX 312 .- DALLAS. TEXAS 
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MANIUM POWER TRANSISTORS 


New high current 2N1046-A-B give you 
high frequency /dissipation /voltage 
with high beta! 


New TI 2N1046B 2N1046 SB beg vs i, 


germanium power 

transistors give you 

10 amp Ic with 
typical 18 me f+... 1830 volt BVcBo... 
guaranteed beta of 10 at 10 amp Ic... 30 
watt dissipation . . . high frequency/high cur- 
rent operating characteristics. The 2N1046 
series alloy-diffused P-N-P transistors provides 
maximum reliability for your core driving, 
hi-fi amplification, and other high frequency 
power applications. 


& 


TEST CONDITIONS: © 
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f* Frequency at which common emitter current gain of 


the device is unity. 


Call on your nearest TI distributor or sales office for immediate 
delivery of Tl germanium power transistors including the l-amp 
2N1038 series and the 3-amp 2N1042 series power transistors. 


T T Collector Emitter ~ Collector 
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C. V. Gregory, General Sales Manager, Reliance Electric and Engineering Co. 


Pinpoint the exact drive for your 


C. V. Gregory makes sure you get that exact drive. His 
Reliance Sales Engineers provide the application experience 
to make it easy for you to select from this full line of 
mechanical and electrical drives .. . % to 1,000 horsepower. 


From silo unloaders and barn cleaners to the most completely automated 
industrial machinery, Reliance motors and drive systems provide 

just the right motive power. 

Get proof of Reliance’s sound product engineering and performance. 
Talk to a Reliance Sales Engineer. There is an office near you. Check the 
Yellow Pages or write for Catalog A-100 showing the Reliance full line. 
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SUPER 'T’ 


Gentlemen: 
Product of the combined resources of Reliance Electric and 


Engineering Company and its Master and Reeves Divisions 


RELIANCE tncinccrincco* | 
ENGINEERING CO. 
DEPT. 276ACLEVELAND 17, OHIO Title 
Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in Principal Cities Campany 


* 
¢ 


Please send me a copy of your new catalog A-100. 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, VxS Drives, Address 


Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 
City and State 
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PUTTING MAGNETICS TO WORK 


Smaller filters ease the squeeze! 


Filter designers! First 160O-mu moly-permalloy 
powder cores pack high performance into smaller space 


Filter and inductor designers specify our 160-mu moly- 
permalloy powder cores for low frequency applications. 
Where space is precious, such as in carrier equipment 
and telemetering filters, the high permeability of these 
160-mu cores eases the squeeze. 


In many cases, 160-mu cores offer designers the choice of 
a smaller core. In others, because inductance is 28 per- 
cent higher than that of 125-mu cores, at least 10 percent 
fewer turns are needed to yield a given inductance. 


If Q is the major factor, 160-mu cores permit the use of 
heavier wire with a resultant decrease in d-c resistance. 
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Like all of our moly-permalloy powder cores, the 160’s 
come with a guaranteed inductance. We can ship eight 
sizes from stock, with a choice of three finishes—stand- 
ard enamel, guaranteed 1,000-volt breakdown finish, or 
high temperature finish. Further information awaits 
your inquiry. Magnetics Inc., Dept. EM-78, Butler, Pa. 


MAGNETICS inc. 
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You'll Find 
Dependable 


ICKERS. 


SELENIUM eS 
RECTIFIERS aT wi). 


NAMA) 

a 
Cutler-Hammer, Inc., of Milwaukee, designs 
and manufactures complete electrical systems 
for control of automatic process lines in 
many basic industries. Cutler-Hammer control 
packages have a reputation for quality, effi- 
ciency and superior reliability. 

Naturally, reliable performance of a system 
depends directly on the reliability of its 
components. And in Cutler-Hammer systems, 
a major component is the Vickers Grain- 
Oriented Selenium Rectifier. (Notice the bank 
of Vickers rectifiers in the Cutler-Hammer 
annealing line tension regulator shown above.) 

Vickers rectifiers employ grain-oriented sele- 
nium. Instead of random grain structure, the 
rectifying crystals are oriented for most effec- 
tive rectification—there are more working 
rectifier crystals in each square inch, pro- 
viding higher current ratings without over- 
loading. 

Bulletin EPD 3116-1 provides complete information 


on these outstanding selenium rectifiers. Write today 


Jor your copy (on your letterhead, please). 
EPA 3100-4 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET / SAINT LOUIS 3, MISSOURI 


Sales Engineering Offices: BOSTON (Rep.)—CEdar 5-6815 e CHICAGO—JUniper 8-2125 e CLEVELAND—EDison 3-1355 
DETROIT—TOwnsend 8-5100 e SAN FRANCISCO (Rep.)—Fireside 1-3433 oe ST. LOUIS—CEntral 1-5830 © ST. LOUIS (Rep.)—JAckson 1-4877 
SYRACUSE (Rep.)—GRanite 4-4889 eLOS ANGELES—DAvenport 6-8550 e NEW YORK CITY—LEnnox 9-1515 WASHINGTON, D. C.— EXecutive 3-2650 
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BESIGNIDROBIEMS 


FABRICATING 


Buy the parts not the problems. From large 
and unusual shapes to parts so small you inspect 
with a jeweler’s glass . . . CDF’s special fabricating 
facilities can do your job faster, more economically. 


Every part pictured above is completely fabricated by CDF, except the etching operation for the printed circuits. 


There’s an excellent chance you can save on set-up 
and production time, and reduce unit costs by 
asking CDF to give you an estimate on final fabri- 
cation of laminated plastics, vulcanized fibre and 
electrical insulating materials. 


Our machines, all 2,000 of them, are set up for just 
one purpose—the forming, machining and molding 


of the many types of materials that we produce. 


Most important of all, you can combine economy 
with the exact properties you’re looking for. CDF 
offers you a choice of materials from the industry’s 
widest selection of laminated plastics, vulcanized 
fibre and electrical insulating materials. Check your 
Sweets PD file or write for General Folder 60. 


> CONTINENTAL: DIAMOND FIBRE 


Se SUBSIDIARY OF THE -AAnpff/ COMPANY ¢ NEWARK 73, DEL. 
In Canada, 46 Hollinger Road, Toronto 16, Ont. 


Postforming back-up disc for a sander. 
Made from a Dilecto laminated plastic to 
get maximum toughness and resiliency. 


Machining low- cost tracks for sliding glass 
doors. Made by CDF from Diamond vulcan- 
ized fibre. It’s tough, yet light in weight. 


Molding automobile timing gear blanks 
made from CDF's Celoron molding material 
for maximum wear and a minimum of noise. 
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‘Slinger Action” Circulates Locked-In Lut 
in hoover cartridge bearings 
with dual mverinrk feats 


Depend on Hoover to design a bearing that not only carries a 
lifetime supply of factory-selected, sealed-in lube, but also cir- 
culates the lube so effectively that maximum performance is assured 
for years. Hoover Dual Labyrinth Seals utilize centrifugal force to 
return lube again and again to the working surfaces. There is no 
chance for dirt to enter the bearing. Standard double row bearing 
width design assures extra large lube capacity. Standard bore and 
outside diameters simplify installation and replacement problems. 
Shields are easily removed for relubrication or servicing if required. 
Hoover Cartridge Bearings are precision made with super smooth 
Hoover Honed Raceways and Micro-Velvet Balls, assuring high 

load capacity, smooth performance, hushed quietness. 
Hoover Honed and Micro- Velvet are Hoover Trademarks. 


Oouer 


BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan 


Zone Sales 8581 South Chicago, Chicago 17, lilinois 
Offices and 290 Lodi Street, Hackensack, New Jersey 
Warehouses 2020 South Figueroa, Los Angeles 7, California 


Nome 
Hoover Ball and Bearing Company 7 Title 
Ann Arbor, Michigan . ee 

Company 


Please send your new Bulletin 104, giving com- Se 
plete information on Hoover Cartridge Bearings. — POG cities rnc eninnnshinniiiaiiiiil 


. : ncn n-ne 
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New Century Sleeve Bearing Motors 
For Out-Of-Reach Places 


Century 48-Frame sleeve bearing motors are now avail- 
able with PERMAWICK lubricating system. After sev- 
eral years of testing this amazing new material, Century 
offers a completely new bearing and lubrication system. 
When a motor must be installed where maintenance is 
difficult or impossible, this system will assure trouble- 
free operation. 

This new lubricating method meters the lubricant (a 
high grade turbine quality mineral oil) in the proper 
amount to the journal surfaces. A perfect oil film is 
maintained. The oil retention of the PERMAWICK 
cellulose fibres is superior to any medium previously 
available. Field tests and accelerated life tests have 
proved this system—it is even superior to the excellent 
Century bronze bearing, wool yarn system which we have 
used for many years. 

The redesigned bearing and lubrication system of the 
48-Frame motor supersedes the long fibre wool wicking 
originated by Century fifty years ago. There is a newly 


designed thrust device with a capacity higher than pre- 
viously available. It also includes a new super-finish 
steel-backed, babbitt-lined journal. The combination of 
PERMAWICK and the new type sleeve has been proved 
by exhaustive tests for use in the following severe 
applications: 
- Belted drives with heavy side pull. 
« Fan drives with high axial thrust. 
- Ambient temperatures as high as permitted 
by insulation of any type. 
Vertical shafts of all types. 
Requiring five years or more without 
re-lubrication. 
These applications impose unusual demands on the 
bearing system. Obviously, less severe requirements can 
be handled readily by the new designs. For additional 


information on these new motors, call your local Century 
Sales Office. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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For Greater Reliability — 


RCI EPOTUF & 


= 


Epoxy Resins 


Improve perform 
»rotect criti 


Capacitors, coils, and electronic “‘building 
blocks’’. . . Miniature transformers, and trans- 
mission line transformers . . . Printed circuits, 
relays, terminal boards and other electrical and 
electronic assemblies can be made to perform 
with higher reliability when they are impreg- 
nated, potted, or encapsulated with epoxy. And 
when the materials used are based on RCI 
EPorTurF epoxies, you are using the epoxies pro- 


Synthetic Resins « Chemical Colors « Industrial Adhesives « Phenol 
Hydrochloric Acid « Formaldehyde « Phthalic Anhydride 
Maleic Anhydride « Ortho-Phenyiphenol « Sodium Sulfite 
Pentaerythritol e¢ Pentachlorophenol ¢ Sodium Pentachlorophenate 
Sulfuric Acid e Methanol 


duced by the most modern process to achieve 
continuous product uniformity and high qual- 
ity. In fact, the low residual hydrolyzable 
chlorine in RCI Eporur epoxies also makes it 
possible to achieve higher electrical properties. 

For information on epoxy resin formulators 
who use Eporur epoxy resins and hardeners, 
or for data on pure EporuF resins and special 
curing agents, get in touch with RCI. 


REICHHOLD 


acl 


Creative Chemistry... 
Your Partner in Progress 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 
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PR MALLORY ACO! 


ALLORY MoTorcaP 


NEWS AND IDEAS ON MOTOR CAPACITORS 


. from Mallory Capacitor Company, Indianapolis 6, Indiana 
a division of P. R. Mallory & Co. Inc. 


Problem-solving service 


When design and application 
problems turn up, turn to Mallory 
for expert technical assistance. Our 
capacitor engineers will be glad to 
help you find the solutions. Write, 
wire or phone today...it may 
point the way to product improve- 
ment and lower costs. 


Clock-stopping service 


For hurry-up delivery, you can’t 
beat Mallory. Our modern, stream- 
lined assembly methods let us 
perform near miracles on emer- 
gency shipments. The two weeks 
normal delivery time often can be 
cut to three days to help you avert 
a production line crisis. Large or 
small, your ‘“‘needed-yesterday” 
orders get the same speedy 
attention. 


(C 


Cost-cutting service 


If you use the PL or PLA Cap 
with HB Bracket for mounting 
motor capacitors, you may be able 
to save money by punching your 
appliance chassis to simulate the 
bracket. This is especially effective 
for off-motor mounting. Your 
Mallory capacitor specialist will 
be happy to help you work out 
the details. 
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MALLORY MOTOR CAPACITORS 


long life stretched still further 


Constant monitoring by quality 
assurance testing, plus continuing 
examination for possible design 
improvements, has given Mallory 
motor start capacitors a reputa- 
tion for advanced engineering. One 
of the results has been a long 
reliable service life. 


Life assurance is regularly demon- 
strated by subjecting production 
lot samples to cycling tests simu- 
lating 100,000 motor starts, with 
special testing proving their 
capability to as much as 250,000 
starts. Now, even this extraordinary 
life span has been extended. 
Improved design of the top retainer 
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ring provides a more positive seal, 
with resulting increased life 
expectancy. 


Performance-proved Mallory 
motor capacitors have a failure 
rate in warranty of less than 0.1% 
. the result of over 25 years’ 
development and manufacturing 
experience, plus rigid quality con- 
trol by laboratory testing and 
100% production-line testing dur- 
ing rolling, before and after 
encasing. 
Mallory motor start capacitors 
assure long, dependable life... 
eliminate warranty period replace- 
ment costs. 
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Immediate Local Deliveries 

for small runs, production 
emergencies or design needs .. . 
from over 30 strategically located 
parts distributors . . . At factory 
prices in lots up to 1000 of a value. 


Would you buy 
fixed resistors 
just because they're the 
easiest to solder? 


Of course you wouldn't! 


But when you add the highest degree of ‘‘solderability"’ of any resistors on 
the market to top-notch reliability in other physical and electrical charac- 
teristics — well, that's something else. Like a lot of other cost-conscious 
producers, you'll then be using Stackpole Coldite 70+ Resistors! 


Stackpole Coldite 70+ “solderability” saves time and money in your 
production. It assures perfect connections that eliminate a lot of pos- 
sibilities for costly field service later on. 


Coldite 70+ performance fully matches the “solderability” of the 
leads. They’re designed to meet or excel MIL-R-11 in every respect. 
And they’re tops in load life, humidity and moisture tests! 


Electronic Components Div.—STACKPOLE CARBON CO.., St. Marys, Pa. 


, STACKPOLE 
a ike 


CERAMAG® FERRE CORES + VARIABLE enon a tea * SLIDE & SNAP 

SWITCHES + CERAMAGNET® CERAMIC MAGNETS - xED CON eon CAPACITORS 

BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPM ELECTRICAL CONTACTS 

GRAPHITE BEARINGS, SEAL RINGS,, ANODES + UND DREDS OF RELATED CARBON & 
GRAPHITE PRODUCTS. 
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this R &M 
motor puts the 
"Drive" in 


IBM electric 
typewriters! 


Almost twelve years have elapsed since 
International Business Machines Cor- 
poration used its first R&M motor to 
power its electric typewriters. Since 
then R&M has supplied thousands upon 
thousands of these special motors for 
IBM’s world-wide typewriter trade. In 
order to meet varying electrical condi- 
tions the world over, they are now sup- 
plied in 21 different voltages and 
frequencies. 

IBM proposed strict requirements 
for powering their machine. The motor 
must have high starting torque for 
quick response . . . run very quietly 
... cooler than normal . . . fit a limited 


space ., . and have stamina to perform 
dependably year after year. Within a 
short period of time, R&M delivered 
specifications for the right design—a 
dynamically balanced motor that ful- 
filled all of IBM’s standards, including 
reliable operation that covers thousands 
of hours between check-ups. 

A lot of fingers have gone over the 
keys since R&M produced its first IBM 
typewriter motor, but we still subject 
each IBM power unit to 100% inspec- 
tion. Moreover, we constantly work 
with IBM—and all our customers—to 
improve our motors and to adapt them 
to the ever-changing requirements of 


customers’ products. 


R&M’s experience in custom-design- 
ing motors for hundreds of products, 
and our facilities to produce a design 
at low cost, are at your service. Per- 
haps your problem can be met with a 
standard “off-the-shelf” power unit. If 
so, we'll tell you . . . and recommend 
the right R&M motor for the job. For 
power by either custom or standard 
fractional HP motors . . . and perform- 
ance that will give you a big competi- 
tive advantage . . . get in touch with 
Robbins & Myers today! Write for Bul- 
letin No. 450-EM 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO + BRANTFORD, ONTARIO 
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MOTORS 1/200 thru 1 HP 


(other ratings up to 200 horsepower) 


a 


| 


At left, Retractable Capstan Motor... 
shaft of this special RaM fractional HP 
motor rotates and also moves axially. 
Manufactured for IBM’s 727 Magnetic 
Tape Unit. 


At right, Standard Fractional HP Motors 
... a wide range of types, sizes and mount- 
ings for DC, single or polyphase AC; all 
standard voltages and frequencies. 


At left, Standard Universal Motors .. . 
ratings from %o to % HP. Choice of end, 
pad or foot mountings to permit design 
versatility. Custom designs also available. 


At right, Series Motor Parts . . . precision- 
made series, universal or polyphase high- 
cycle motor parts. All types and sizes 
engineered to your requirements. 
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CHRIS TIE Specialists in Power Supplies for 30 Years 


WITH ENGINEERED AND CONTROLLED 


RELIABILITY 


@ Static-Tubeless 

@ All Silicon 

® Built to MIL-E-4970 

@ Overload and Short Circuit Protection 
@ 500% Overload Capability 


Write for new D-C Power Supply Bulletin AC-60 


CHRISTIE ELECTRIC CORP. 
3404 W. 67th Street, Los Angeles 43, California 


Over 200 Models in 
6 Cabinet Styles 
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300 AMP. POWER SUPPLY 


Model MH32-300KP4 


Electrical Specifications: 
NOMINAL D-C OUTPUT: 

28 v. @ 300 amp. (continuous) 
VOLTAGE ADJUSTMENT RANGE: 
22 to 32 v. d-c 

VOLTAGE REGULATION: 
+0.5% — combination of rated 
load and a-c input variations 
(Sensing: local or remote) 
VOLTAGE RIPPLE: 

1% rms. (— 20°C to +55°C) 
VOLTAGE RECOVERY (63%): 
0.1 sec.— full load application 
or removal 

D-C CURRENT OVERLOAD 
CAPACITY: 

125% for 5 min. every 20 min. 
250% for 5 sec. every 20 sec. 
350% for 1 sec., 500% peak 
A-C INPUT: 

400-490 v., 3-ph., 57-63 cps. 
(other voltages available) 

A-C CURRENT AT 440 V.: 

<> amp. 

AMBIENT TEMPERATURE RANGE: 
Operating: —55°C to +-55°C 
Storage: —62°C to +70°C 
ENVIRONMENT, SHOCK, 
VIBRATION: 

Built to MIL-E-4970 

RADIO INTERFERENCE: 

Built to MIL-1-26600 


Mechanical Specifications: 
CABINET STYLE: STATIONARY 
Also other styles below 


SIZE & WEIGHT: 
19” W x 19” Dx 31” H.— 355 Ibs. 


Standard Features: 
VOLTMETER & AMMETER: 

34” ruggedized (MIL-M-10304) 
Recessed behind removable panel 
OVERLOAD PROTECTION: 
Magnetic & thermal 

PARALLEL OPERATION: 

includes load sharing provision 


OTHER FEATURES: 
Input Contactor, Pilot Light, Fan, 
Fan Failure Protection. 
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from copper and steel... 
from wire, strip, and bar stock...to... 


COMPLETE SERVO ASSEMBLIES 


We are not an assembly station. We are a manufacturer! 


Steel and copper come into our factory. Housings are turned and gears 
are hobbed from the solid stock. Laminations are stamped from 
strip steel. Copper is wound right off the reel. 


Every operation between raw stock and servo assembly is per- 
formed in our own plant, under our own supervision. And because 
we exercise this complete control over manufacture, we can honestly 
vouch for the quality and reliability of every motor, generator, syn- 
chro, and gear train carrying our name. 

Undivided responsibility isn’t a new idea by any means, but it is 
increasingly difficult to find in this age of overspecialization. If you’d 
care to sample the benefits of this integrated approach, why not 
call on us now? 


2, 
DAYSTROM y INCORPORATED 
oo 


TRANSICOIL DIVISION WORCESTER + MONTGOMERY COUNTY + PENNSYLVANIA 
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SERVO ASSEMBLY - Type 9 motor generator 
driving two Type 11 CT synchros through a slip 
dutch and a gear train having ratio of 1500 to 1. 





Alcoa Aluminum 
easy to join 
by any meth 


Ultrasonic welding of Aleoa Aluminum produces a metallurgical 
bond between surfaces by means of high-frequency vibratory 
energy. Oxide film is cracked and metals are left in ihtimate con- 
tact producing this bond. Pressure-tight joints of high structural 
integrity are obtained... there is no arc, spark or sputter since 
no current passes through the joint ... low clamping forces are 
required, resulting in little or no deformation . . . combinations 
of dissimilar metals can be welded without formation of inter- 
metallic compounds. 


By incorporating Alcoa® Aluminum into your prod- 
ucts, you’ll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 
cators, whatever the joining method . . . welding, 
brazing, bolting or compressing. 

For example, Alcoa Aluminum is low in cost... 
lighter in weight... easier to handle... nonmagnetic 

.. corrosion resistant ... strong in alloys... offers 
more current-carrying capacity per pound... is easy 
to spin, form, bend, roll... can be cast, forged, ex- 
truded or drawn. 

Ask your Alcoa sales engineer to show you how you 
can put the benefits of Alcoa Aluminum into your 
products. Aluminum Company of America, 2130-F 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


se alin See a 


Photo courtesy of Aeroprojects, Incorporated 


Your Guide to the Best 
in Aluminum Value 


ALCOA . For exciting drama watch “Alcoa 

ALUMINUM Presents” every Tuesday, ABC-TV, 

Atumimua company er amanicn | and “Alcoa Theatre” alternate 
Mondays, NBC-TV 
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Metrisite...is the only , m device available today 


that provides a near-perfect combination of 


ideal transducer characteristics. The unusual properties 


of this remarkable new motion-sensing development are: 
extreme resolution... BS easily measures one 
=, 
ten-millionth of an inch; minute operating force...absolute 
minimum bearing friction; negligible reactive force...a frac- 
tion of a milligram; true linearity...a proven accuracy of 1/10%; 
high electrical output...up to 100 volts without amplifica- 
tion; wide range of shapes and sizes...from sub-miniature 
on up; exceptional ruggedness...can meet military shock 
and vibration tests. Now, many of 
the obstacles that have plagued 
control technology can be elimi- 
nated. Write for Metrisite details. 


—brush INSTRUMENTS 
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This New YUGH LIMIT 


CLASS 9007, TYPE AW 


Oil-tight construction 
Switch plugs in—in seconds 
Mounts without disassembly 


Wired without removing 
from box 


Reversible plug-in unit 
—can be plugged-in 
with roller arm at either end 


Switch action can be reversed 
by simple 
screwdriver adjustment 


Present installations 
easily converted to plug-in 


Precision switch mechanism 
—only 5° to operate — 
25° overtravel in eitherdirection 


Graduated markings 
around hub of roller arm 
simplify accurate settings 


Same price as standard 


og A Terminal Block Square D oil-tight limit switch 


- Easily Wired 
Without Removing from Box 


6 MOUNTING ARRANGEMENTS. ..WITH T pevice! 


Switch Switch 

Mounted Mounted 
Switch onits Base | on its Base Switch 
Mounted 9 with ms with Mounted 
on = Conduit C 5 = Conduit Son its 
its Left Side at Bottom > atTop Right Side 


In any of the above arrangements, conduit can enter at either top or bottom by reversing bex position 


SQUARE J) COMPANY 
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SQUARE D LIMIT SWITCHES ARE 
TO DO HUNDREDS OF JOBS — Yoaigned 


SMALL OLL-TIGHT LIMIT SWITCH -- CLASS 9007, TYPE AW — 


eSe el 


> Duplex switch, 
an ecaeuaand a ieee Phe sop ae — Se 


ROLLER ARMS AVAILABLE 


IN WIDE RANGE OF eats & @ 
DESIGNS AND LENGTHS... FALL bi 


HEAVY-DUTY OLL-TIGHT LIMIT SWITCH -- CLASS 9007, TYPE T 


J | 
# 


WIDE VARIETY OF BASE PLATES 


AND 
MOUNTING HOLES... 
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Sprague—the world’s largest capac- 
itor manufacturer—offers a com- 
plete line of motor capacitors to 
answer any equipment engineer- 
ing problem. The types shown 
below cover a wide variety of 
application requirements. Take 
your pick—they’re all tops in 
value and performance! 


When you need 


CAPACITORS 


for air-conditioners, refrigerators, motors, 
compressors, heat pumps, specialty transformers, 
voltage regulators, controls, and 

general purpose a-c applications 


you get fast delivery 
from SPRAGUE 


A-C ELECTROLYTIC CAPACITORS 
for motor-starting service 


@ withstand humid atmospheres 

e rugged phenolic cases 

e single or dual blade terminals to fit female quick-connectors 
e all popular ratings and voltages 

e@ Bulletin No. 4000A 


CLORINOL® CAPACITORS 
for motor-run service and general a-c applications 


drawn seamless steel cases for extra strength and compactness 
double-rolled cover closure eliminates ‘‘pop-outs” 

leakproof welded terminal assembly 

all ratings, three case styles 

available with metallic and lacquer finishes to customer 
specifications 

Bulletin No. 4500 


+ EERE that: oe 0k ange ay Me 


KOOLPAK® CAPACITOR ASSEMBLIES 


complete motor-start, motor-run assemblies 
for air-conditioners 


cooler operation extends capacitor life 

no trapped moisture to corrode metal parts 

unique plug-in design simplifies assembly 

compact construction saves time and production costs 
available with metallic and lacquer finishes to customer 
specifications 

Bulletin No. 4900A 


Write for Engineering Bulletins on the types in which you are interested. 
Application assistance is also available without obligation. Address request 
to Technical Literature Section, Sprague Electric Co., 307 Marshall St., 
North Adams, Massachusetts. 
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CAPACITORS RESISTORS MAGNETIC COMPONENTS TRANSISTORS INTERFERENCE FILTERS PULSE NETWORKS 


SPRAGUE COMPONENTS: 


HIGH TEMPERATURE MAGNET WIRE CERAMIC-BASE PRINTED NETWORKS PACKAGED COMPONENT ASSEMBLIES 


84 Circle 167 on Inquiry Card ELECTRICAL MANUFACTURING 





JUNE 1960 


Machine Tool Electrical Standards 


AFTER MORE THAN twenty years of effort, the 
Machine Tool Electrical Standards sponsored 
by the National Machine Tool Builders’ Asso- 
ciation (printed in full in this issue, p 141) 
have about reached maturity. The Electrical 
Committee of the NMTBA feels that this fifth 
revision is ready to be accepted as an American 
Standard through ASA procedures. To obtain 
the required agreement among all those “sub- 
stantially concerned” would require, of course, 
the assent of the powerful Joint Industry Con- 
ference, sponsored by the principal automobile 
manufacturers. Over the years, there have been 
substantial differences between the viewpoints of 
the two groups, but they are not irreconcilable. 

Back in 1941, the first Machine Tool Elec- 
trical Standards were submitted to the American 
Standards Association for approval under ASA 
Emergency Procedures. Following adoption, they 
became an American War Standard (ASA C74- 
1942). One of the purposes of this first standard 
was to reserve to the machine tool builder the 
responsibility for selecting and applying the 
electrical equipment built into the machine. Over 
the years, motors and controls and associated 
wiring have become even more an integral part 
of machine tool design, and responsibility for 
successful operation of the machine can be 
assumed only if the selection of these com- 
ponents remains in the designer’s hands. 

As a very large user of mass-production ma- 
chinery, the automotive group has long felt 
that out of its vast operating and maintenance 
experience good design criteria could be set 
up for the selection and mounting of electrical 
equipment in the machinery shipped to their 
plants. In recognition of the special needs of 
mass-production industries, the first revision 
of the Machine Tool Electrical Standards (Sep- 
tember 1945) included “Automotive Standards” 
as added paragraphs in nearly every major sub- 
ject group. In a later revision (September 1950) 
the NMTBA included under a separate para- 
graph designation (E for Automotive Excep- 
tions) all the JIC paragraphs that did not cor- 
respond (some 20 per cent) to the general- 
purpose equipment standards. At that time the 
revised Machine Tool Electrical Standards again 
were submitted to the ASA for approval as an 
American Standard. The proposal did not re- 
ceive the assent needed from the automotive 
group and it died. 


JIC first issued its own Electrical Standards 
for Industrial Machinery in 1948. A revision 
was adopted in 1950 and issued under General 
Motors imprint. The second revision followed 
a three-day open meeting held in Detroit in 
1953 at which most interested parties were 
represented, officially and unofficially (as ob- 
servers). The current JIC Electrical Standards 
were adopted in March 1957. (ELEcTRICAL. 
MANUFACTURING has printed and distributed 
some 32,000 copies.) 

The 1950 JIC standards put a lot of emphasis 
on wiring practices at a time when only build- 
ing-wiring fittings were available. Within a few 
years new components were developed to meet 
these needs. “Overdesign” has been the chief 
complaint against JIC Standards, but their in- 
fluence on good engineering practice and on 
NMTBA Electrical Standards cannot be denied. 
The emphasis has always been on safety to 
personnel and on equipment reliability. 

The present Machine Tool Electrical Stand- 
ards are the fifth revision. (There were interim 
issues in 1954 and 1956.) For the first time, 
the 1960 issue recognizes the use of electronic 
and static control devices and permits wiring 
as small as No. 22 AWG for such circuits, where 
before No. 14 gage was the smallest permitted 
in wiring NEMA standard controls. There should 
be no protest from JIC on this move. General 
Motors in-plant Electronic Standards for Indus- 
trial Control (ELECTRICAL MANUFACTURING, 
August 1958, p 121) allow No. 22 gage and 
even smaller for shielded cable. 

It is not expected that JIC Electrical Stand- 
ards will be revised for at least another year. 
Currently, the thinking of one important mem- 
ber of the guiding group is toward simplifica- 
tion, calling out requirements broadly rather 
than writing detailed specifications. In that 
frame of mind, the JIC sponsors might be will- 
ing to let the 1960 NMTBA Standards be ac- 
cepted as an American Standard, allowing the 
1957 JIC Electrical Standards to serve as in- 
dividual purchase specifications until the time 
when another conference of all interested parties 
can be held. 


Editor 





The magnetic pickup is both unique and 
universal. Its means of operation, which 
depends on the movement of a magnetic 
material, makes it special; but the wide 
variety of applications to which this prin- 


ciple can be applied makes the magnetic 


pickup an increasingly popular means 


for activation of control systems. 


DAVID ELAM, Chief Engineer 

and 

LLOYD A. THACHER, General Manager 
Transducer Division 

Evectrro Propucts Lasoratories, INc. 
Chicago, Illinois 


Resin potting 


Coil of copper wire Magnet 


Fig. 1 — Cutaway view of magnetic pickup. 
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\ WIDE VARIETY of industrial measurement and control 
operations has been made possible through the appli- 
cation of magnetic pickups. These devices generate an 
electrical signal when any interrupting magnetic material 
moves in close proximity to them. They have no moving 
parts and make no contact with the actuating device. No 
auxiliary bearings, shafts, or special housings are re- 
quired as in mechanically coupled tachometer systems. 
Due to the nature of their construction, magnetic pick- 
ups can operate in severe environments of heat, radia- 
tion, dirt, water, oil and pressure. 

Physically, a magnetic pickup consists of a cylindrical 
permanent magnet with a coil of copper wire wound 
around it (Fig. 1). Generally, to save space, the coil 
is not wound directly on the magnet but on an insulated 
spool which slips over a smaller-diameter pole piece that 
is attached to the end of the magnet. This assembly is 
resin-potted in a stainless-steel, threaded, mounting shell. 
A special high-temperature cement is used for the potting 
material if the pickup is to be used in extreme environ- 
ments. 

The magnetic pickup generates an electrical voltage 
whenever the magnetic field around it is disturbed. The 
details of this operation are shown in Fig. 2 where the 
dashed lines (b) and (f) represent the normal lines of 
force created by the magnet when there is no extraneous 
magnetic material in the vicinity. When a piece of 
magnetic steel is brought near the head of the pickup, 
the lines of force shift, as represented by the solid lines 
(b') and (f’). As the lines shift in position, they cut 
across the coil wound on the pole piece and generate 
a voltage in it. 

The output voltage depends upon the rate of change of 
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the magnetic field. This, in turn, is dependent on three 
factors: (1) the clearance between the pickup and the 
actuating medium, (2) the rate of movement of the 
actuating medium, and (3) the size of the actuating 
medium. As shown in Fig. 3, the output voltage tends 
to be inversely proportional to the clearance between the 
head of the pickup and the actuating medium. Variation 
of the output with respect to speed is shown in Fig. 4. 

In actual applications, the pickup is actuated by the 
teeth of a gear, the blades of a turbine, spokes on a 
wheel, or a steel part such as a screw mounted on or 


| Magnetic steel 
(f') 


__ Magnetic lines 
of force 
—f) 


Coil 
winding 


Pole piece 


Fig. 2 — View of pickup showing shifting of magnetic lines of 
force due to disturbance of magnetic material. As lines of force 
cut coil winding, a voltage is generated. 
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inserted in a moving, non-magnetic material. The most 
common application is the measurement of rotary speed 
from the teeth of a rotating gear. Small-tooth gears (20 
pitch or higher) produce an output which is practically 
a sine wave. Coarser teeth produce a more distorted 
output, but the peak-to-peak voltage values are higher 
(Fig. 5). The outputs for single activating masses of 
two different sizes are shown in Fig. 6. In this connec- 
tion, it should be noted that the sides of the projecting 
mass influence the shape of the output wave. A straight- 
sided projection produces a sharp waveform. In addi- 


Fig. 3 — Curve showing change in out- 
put of magnetic pickup as function of 
clearance between pole piece and ac- 
tivating medium. Standard output of 
100 per cent is assumed for clearance 
of 0.005 in. 
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Fig. 5 -- Output waveforms produced by fine- and coarse-tooth 


<& 

Fig. 4—- Comparison of outputs from standard pickups operat- 
ing under identical conditions with actuating medium being a 
20-pitch, 30-tooth, ferromagnetic gear with 0.005-in. clearance. 
Load is 100,000 ohms. 
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tion, a projection with a relatively large flat top will 
produce a waveform having a time interval between posi- 
live and negative peaks. 

Applications. To measure the rotary speed of a gear, 
a simple tachometer can be constructed by connecting the 
output of a magnetic pickup to a rectifier-type a-c volt- 
meter calibrated in rpm. Since the voltage varies almost 
directly with speed, the voltmeter will read with the same 
accuracy and reliability as a conventional electrical tach- 
ometer-generator. However, repeated measurements of the 
same type require that the gear be at exactly the same 
distance from the pickup each time, since varying the 
clearance varies the output voltage. 

An even more accurate method of measuring shaft 
speed is to use the magnetic pickup to drive an electronic 
counter. Here again, actuation depends upon number 
of pulses rather than amplitude. Electronic counters can 
count at rates of over one million units per sec, and 
are accurate to plus or minus one digit. The rotary speed 
is a function of the number of pulses per revolution 
displayed on the counter and the counting interval. This 
arrangement is particularly useful for measuring the 
high speed of turbines used in jet engines and super- 
charger compressors. By using gears with many teeth 
(each tooth produces one count) and choosing an appro- 
priate counting interval, accuracies of less than one rpm 
may be obtained. 

Rotary speed can also be measured by feeding the 
output of a magnetic pickup to an electronic tachometer 
incorporating a meter and associated circuitry that re- 
sponds directly to frequency rather than amplitude. The 
meter is calibrated in rpm. If a contact meter is used in 
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Motion 


Fig. 8 — Using a magnetic pickup as a control device to reverse 


direction of motion. 
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C Ps R 
pickup 5 
‘ = 
Fig. 7 — Circuit arrangement for indicating direction of rotation 
of a shaft using a cam as the actuating device. 


6 — Outputs produced by two sizes of single activating 


Masses, 


this arrangement, a simple over-underspeed protective 
device is obtained. When the moving pointer contact 
touches a preset contact, a relay is activated to shut off 
the driving motor. Speed control can also be obtained 
by using the output of a magnetic pickup as the error 
signal for a voltage-sensitive electronic servo. 

Magnetic pickups are also used to measure linear speed. 
Two or more pickups, accurately spaced, are connected 
to a time-lapse measuring device. The pickups are excited 
by the actuating mass as it passes them. This method 
has been used for measuring the muzzle velocity of guns. 

The direction of rotation of a shaft can be detected 
by a magnetic pickup and a cam mounted on a rotating 
shaft (Fig. 7). (The direction of cam rotation is in- 
dicated by the arrow.) Due to its configuration, the 
cam gets closer to the pole piece of the pickup faster 
than it leaves it. As the sharp edge of the cam approaches, 
a positive voltage is generated. As it leaves, a negative 
voltage is generated. Since the rate of approach is greater 
than the rate of departure, the positive voltage is greater 
than the negative voltage. By using the bridge circuit 
illustrated, the strength of these voltages is compared 
to provide an indication of direction of rotation. An 
oscilloscope can be used in this application. The magnetic 
pickup’s output is applied to the vertical sweep terminals 
so that the predominant polarity displayed on the screen 
indicates direction of rotation. 

Magnetic pickups can also be used in a controlling 
function to reverse the direction of linear motion. Two 
pickups are connected to flip-flop circuitry and associated 
relays (Fig. 8). Another interesting application utilizes 
the magnetic pickup to fire a strobotac for motion study. 
Each time the projection on a rotating shaft passes the 
pickup, a triggering device provides a pulse to fire 
the strobotac. 

A number of useful applications stems from the fact 
that the pickup output voltage varies inversely with the 
square of the clearance. All of these applications employ 
the pickup to sense the displacement of vibrating or 
shifting masses. The output of the magnetic pickup is 
applied either to a voltmeter or to an oscilloscope (Fig. 
9). In a simple counting application (Fig. 10), parts 
dropping from a conveyor strike a thin steel plate. Each 
time a part bounces off the plate, a pulse is generated 
in a magnetic pickup mounted behind the plate. 

Reliability. Magnetic pickups seldom fail. When they 
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Fig. 9 — Various applications of a magnetic pickup. 


inting device 


do, their failure is almost always due to accidental 
mechanical damage. Aging of magnetic pickups has 
practically no effect upon their performance. If there is 
an actual loss of magnetic strength with age, it is so 
insignificant as to be imperceptible in terms of pickup 
performance. Magnet stabilization at the time of manu- 
facture insures that magnetic pickups generate the same 
output voltages after years of usage as they did when 
first produced. 

Engineers often wonder whether lengthening the pole 
piece would affect pickup performance. Actually, the 
pickup loses output as the pole piece is lengthened (Fig. 
11), a phenomenon ascribed to a change in the pattern 
of the magnetic field. The pole piece, in effect, becomes 
the new pole of the magnet. Lines of force extend from 
the pole piece in an elliptical pattern and the farther 
the effective pole is from the coil, the fewer the number 
of lines that intersect the coil. 
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Fig. 11—Change in voltage output 
as a function of pole-piece length. 
Standard of 100 per cent is for pole- 
piece extension of 40 m. 
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Fig. 12— Diagram for determining dimensions for optimum 
operation of pickup. 


<- Kk 
Fig. 10 — Parts dropping off a conveyor belt generate counting 
pulses in magnetic pickup behind steel plate. 


It is possible to excite magnetic pickups through thin 
sections of a non-magnetic substance. This type of 
barrier is often desirable when the exciting means is in 
an environment of undesirable liquids or gases, when 
it is necessary to provide a seal against pressure, or 
in extremely hot environments. With non-metallic separa- 
tors, the output of the pickup is affected only by the 
increased clearance due to the thickness of the separator 
itself. Metallic separators between the pickup and the 
actuating means reduce the output appreciably. This is 
due to a “shorted turn” effect, since eddy currents are 
induced in the metallic separator. Loss of output in- 
creases with output frequency and becomes very severe 
at about 5 kilocycles. 

It is desirable to actuate a magnetic pickup with a 
protrusion from a metallic surface rather than with a 
keyway or slot in a surface. When one of the latter is 


(Continued on page 147) 
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Cast-Resin Applications in 
Switchgear and T 


Kuropean applications of cast resins 


(particularly the epoxies) in power 


equipment is extensive and by now well 
established. This report summarizes ap- 
plication techniques and illustrates typt- 


cal designs. 


WILHELM J. K. OBLRGER 
Deputy Director 

AusTrian Propuctiviry CENTER 
Vienna, Austria 


DesiGN PRACTICE in Europe has led to an extensive 
use of casting resins for insulating parts and structural 
elements in switchgear and transformers, primarily owing 
lo superior physical properties. The uropean applica- 
tions have been in relatively large-size units. In contrast, 
the predominant use of casting resins in the United 
States has been for the encapsulation and embedment 
of small electronic components and circuit subassemblies. 

Polyester resins with organic fillers were the first cast- 
1940's). These 
materials were generally superseded by the epoxy resins 


ing compounds used in Europe (early 


after their introduction in Switzerland in the late 1940’s. 
The epoxy resins exhibit certain definite advantages, 
principally a much lower shrinkage rate during cure 
and a relative freedom from cracking. The outstanding 
adhesion of these resins to metals provides another 
design advantage since terminations and other metal 
elements can be integrally cast. 

By this date, the use of the epoxies is widespread and 
much experience has been gained in establishing essen- 
tial design parameters and techniques. Much ingenuity 
has been shown in accommodating shape and configura- 
tion of cast units to environmental conditions, such as 
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ransformers 


weathering and exposure to sunlight. This report will 
review some of the European applications. 

Finely ground quartz, in various particle sizes and 
degrees of purity, is generally used as the filler for the 
epoxy casting compounds. The presence of quartz im 
parts to the eastings a desirable low surface leakage 
characteristic. Moreover, it) improves further the in- 
herently high are resistance of the resin. | In those appli 
cations where polyester resins are still used, are resistance 
is considerably improved by the addition of an antimony 
oxide. filler. | 

Improvements in casting resins and associated tech 
niques have made it possible to use these resins in trans- 
formers of progressively higher voltages. The upper limit, 
originally 30 kv, is now 60 to 75 kv. Voltage ratings 
of the order of 110 to 150 kv can be achieved with 2- 
stage cascade transformers and 225 kv with 3-stage cas- 
cade units. It has been possible to design transformers 
so that uniform power distribution to each cascade is 
maintained even during voltage surges. 

A selection of cast-resin current and voltage trans- 
formers is shown in Fig. 1. The unusual configurations 
that have been made possible by the use of cast-resin 
techniques are quite apparent. 

The application of cast resins in power transformers, 
however, has been less successful than in instrument 
transformers. The still-existing voltage limit of 60 to 
75 kv, the problem of heat dissipation inherent in a 
resin structure and, finally, the problem of compensat- 
ing for higher materials costs by design advantages are 
the major reasons. As shown in Fig. 2, however, power 
transformer design is showing progress in the use of 


casting resins. 


Outdoor Applications 


The possibility of designing cast-resin insulated trans- 
formers and switchgear in high voltage ratings for out- 
door applications brings in the critical parameters of 
resin resistance to weathering and sunlight. Particularly 
in the case of exposure to ultraviolet rays, a cast-resin 
surface is inherently inferior to porcelain. It would be 
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expected that such exposure would degrade the polymer- 
ized resin surface. The resulting porous, rough surface 
would be readily susceptible to the deposition of foreign 
matter, penetration of water and (in winter) the for- 
mation of ice. 

Several solutions to this problem were attempted. In 
the first, a porcelain cover or jacket was used over the 
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Fig. 1 — Typical cast-resin transformers manufactured in Swit- 


zerland: 
A. Poele-to-ground type voltage transformers, 10, 20, 30, 45 and 
60 kv. 
B. Pole-to-pole voltage transformers, 10, 20 and 30 kv. 
C. Current transformer, 10, 20 and 30 ky. 


D. Current and voltage transformer (floor bushing type), 
60 kv. 
EK. Completely encapsulated current transformer, 20 kv. 


epoxy casting. A modification was used in the second 
solution: porcelain shields were cemented to the hori- 
zontal cast surfaces, since presumably the vertical surfaces 
would not be directly exposed to weathering and sun- 
light. Each approach had a number of limitations and, 
at best, was only a compromise. 

A considerably more sophisticated approach was used 
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Fig. 2—Dry-+type shockproof power transformer, using cast- 
resin insulations, rating 20 kv. 600 kva. 


in the next attempt. The first step was to make a radical 
departure from the orthodox configuration of the trans- 
formers, so as to provide a minimum of surfaces directly 
exposed to weathering and sunlight. All of the resin 
surfaces were then coated with a suitable protective 
varnish. The release of solvent volatiles may cause difh- 
culties in obtaining an intimate bond between the resin 
and the varnish, but this problem has apparently been 
overcome by the use of an isocyanate-base coating. 


Comparison with Porcelain 


Some comparisons between the properties of epoxy- 
resin castings and porcelain should be considered. A 
ground quartz-filled epoxy exhibits higher mechanical 
strength (particularly higher impact resistance) than a 
standard porcelain. It shows a relatively low rate of 
moisture absorption and a good thermal resistance, al- 
though in both properties porcelain is somewhat better. 
Manufacturing processes for casting are relatively simple. 
Good dimensional stability is obtainable as a result of 
improved resin compounds and the resulting low shrink- 
age. 

The economics of cast resins vs porcelain also require 
consideration. At first glance, the cast resins seem to be 
out of the competition. For example, a typical cast resin 
insulator for a 110-kv transformer made as an exact 
replica of a porcelain unit would cost today (in Europe) 


just about twice as much as the original. This apparent 
disadvantage in cost is offset, however, by two factors: 


1. Reduction in weight and size owing to superior me- 
chanical strength. For example, a cast-resin pin insulator 
with the same lateral breaking strength as the porcelain 
original, and of the same length, would be 45 per cent 
smaller in diameter. 
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Fig. 3 — Compressed-air type cast-resin circuit breaker, 10 kv, 


350 mva. 


2. Ability to embed metal fittings terminals, thus elimin- 
ating external fittings. 


In balance, therefore, European designers have found 
that cast resins provide a net advantage in such trans- 
former and switchgear applications as bushings, switch 
parts, draw rods and structural supporting elements. 


Comparison with Plastics Laminates 


In such applications as insulating cylinders, insulat- 
ing shafts and coil or winding supports, where paper- 
base phenolic laminates have been used, cast-resin parts 
have also shown some advantages. Although (for the 
same thickness) the laminates have higher average elec- 
tric strength when measured perpendicular to lamina- 
tions, they are inferior when measurements are made 
parallel to laminations. In such applications as insulating 
cylinders, where a high electric strength is required in 
a longitudinal direction, the cast resins have shown defin- 
ite advantages owing to their isotropic mechanical and 
electrical properties. 

The development of centrifugal casting machines for 
cast resins has made it possible to produce cast-resin 
tubes 20 to 110 in. in diam. They may be manufactured 
in ordinary atmospheres, in a protective gas atmosphere, 
or under a vacuum; the windings may be embedded 
during the process. Applications in pulse transformers 
have been made. 


Arc-Extinguishing Chambers 


In switchgear applications, cast resins are being used 


as: 


a. stationary parts, such as pin insulators, bushings, 
mechanical supports 
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b. moving parts, such as actuators for discount switches 
and rotating shafts in large power switches 

c. enclosures for arc-extinguishing chambers. 

Arc-extinguishing chambers 


provide a_ particularly 


interesting application for cast resins, since the design 
problem is quite difficult. Not only are the chamber 
materials exposed to electrical stress, but high mechanical 
and thermal stresses are also present. Various plastics 
materials have been used with good success, primarily 
molded phenolics and acrylics, also phenolic laminates. 
Sufficiently high are resistance is obviously a principal 


requirement. In the cast-resin group, talc-filled and glass- 
fiber-filled epoxies and glass-fiber-filled polyester resins 
have shown the most promising results. 

The suitability of any given material for a given 
application, however, depends on the configuration and 
design of the extinguishing chamber and the actual 
stresses encountered. In one German circuit-breaker 
design (Fig. 3), cast resins have been used for the 
terminal columns and for the extinguishing chamber 
enclosure. The enclosure consists of prefabricated cast- 
resin shells. 


“Jointed” High-Voltage Switchgear 


Cast-resin techniques are the basis of the new “jointed” 
design in high-voltage switchgear. In structure, the 
switchgear takes the configuration of an elongated body 
made up of plugged-together units (Fig. 4). The entire 
system is encapsulated in an epoxy casting resin, in- 
terrupted only at the plug connections. The joints at the 
connections are filled with a liquid or gaseous dielectric. 
Since the joints are very fine, only small quantities of 
the dielectric are needed. Since the axial length of the 
joints is relatively short (in any event, shorter than that 
of bushing insulators), the resin encapsulation of the 
entire system involves no difficulties. Actually, the prima- 
ry problem is the encapsulation of the solid conductors, 
but this has been accomplished by utilization of avail- 
able casting techniques. 


Fig. 4— Cast-resin encapsu- 
lated 110 kv high-voltage cir- 
cuit breaker employing the 
“jointed” construction. Cou- 
pling joints are visible. Note 
instrument transformer and 
other units. 
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Fig. 5— Bus bars encapsulated with an epoxy-impregnated 
paper. 


Where a “jointed” design involves larger units, the 
application of cast-resin techniques may become both 
difficult and expensive. To overcome this problem, com- 
posite resin-paper-oil insulation systems have been de- 
veloped in Switzerland specifically for encapsulating pur- 
poses. The “Epolpa” method consists of wrapping insu- 
lating paper around a unit, vacuum drying, impregnating 
with oil, and then encapsulating the entire structure with 
epoxy resin. The “Duresca” insulation utilizes epoxy- 
resin impregnated paper wrappers. Figure 5 shows the 
use of the Duresca material for encapsulation of bus bars. 

O0°O 


Credits 


Figures 1 (A through E), 2 and 5 from Moser-Glaser & Com- 
pany, A. G., Switzerland. Figure 3 from Allgemeine Elektricitits- 
Gesellschaft (AEG), Germany. 


Editor’s Note: This article is based on part of an invited paper 
by Dr. Oburger presented at the National Application Conference 
on Electrical Insulation, December 1959, Washington, D. C. 





Sophisticated Controls 


Highlight Machine Tool Forum 


Digest of} selected papers presented at 
the 24th 


Tool klectrification 


Innual Westinghouse Machine 


Forum. Numerical 


control. servo systems and variable- 


sp ed drives are emphasized. 


Pit (ENT REVOLUTION in handling control intelligence 


was the keynote of the opening paper at the 24th Annual 
Machine Tool Electrification Forum staged by Westinghouse 
Electric Corporation at Pittsburgh, April 26-27. Under the 
title “Progress in Industrial Automation,” W. R. Harris, 


manager, Westinghouse Industrial Engineering Department, 


named three factors that typify the revolution in control 
techniques: (1) the broad use of computers and the expand- 


ing use of computer digital techniques; (2) development 
of long-life. low-maintenance static equipment such as mag- 


netic amplifiers, static switching, and the solid-state devices 
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Fig. | Explosive growth of control-system sophistication. 
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such as transistors and controlled diodes; and, most vital, 
(3) the accelerated growth of the systems engineering con- 
cept. 

In the last few years computers have come into effective 
use in nearly every phase of engineering. They are majot 
tools in the design, development and application of electrical 
equipment and in the simulation of complex systems to 
facilitate obtaining optimum response and _ stability. Like- 
wise, computer or digital techniques, coupled with the de- 
velopment of static and solid-state devices, are responsible 
for a host of exciting control developments. 

Tracing the rapid growth of sophisticated control systems 
(Fig. 1). Mr. Harris indicated that the first major break- 
through following well-established electromechanical control 
devices was the development of electronic and rotating regu- 
lators and the application of high-performance feedback 
systems. The next breakthrough was the development of 
magnetic amplifiers and static switching control elements 
which permitted better accuracy and faster response with 
less maintenance. Digital techniques for control intelligence 
and sequencing followed. The next major breakthrough was 
in practical solid-state devices and in the design application 
of digital numerical and programming control which  per- 
mits automatic operation from a punched card or tape. 
Automatic gage controls, optimizing process controllers, 


Nordic 


ducers, and digital-type transistorized speed-regulating sys 


computers, accurate position measurement trans- 


tems came into being. 

The most complex development so far is the use of in-line 
computers to perform complex logical processes in pro- 
duction sequences. 

As an example, Mr. Harris cited the development of new 
digital equipment for a drive regulating system for multi- 
section paper-forming machines. In place of a conventional 
tachometer, an analog-to-digital converter is used, consisting 
of a wheel of barium ferrite magnetized into 720 poles. A 
pickup head senses pulses as the poles move by it, giving 
an accurate indication of speed. The digital circuitry is 
arranged to compare the pulses from this conversion device 
with those supplied by a master crystal reference. The differ 
ence signal operates through a magnetic amplifier to chanee 
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the generator voltage of a variable-voltage drive. The read- 
out is in five digits to tenths of feet per minute. 


Westinghouse Numerical Control 


At the Forum, Westinghouse unveiled its new  point-to- 
point positioning numerical control system for machine tools, 
led Prodac. It is a digital type using static devices such 
transistor Nor’s, and accepts input information from 
standard J-in. wide, 8-track punched tape and from manu- 
ally set decade switches. The coding system conforms with 
the EIA proposed standard for machine-tool programming. 


One to five machine motions can be controlled over a 999.999 


in. span as well as handling all auxiliary machine-tool func- 
tions. Electrical accuracy of the feedback control is +0.005 
in. 

The motions are controlled by servo motors with position 
feedback from a pulse wheel coupled to the lead screw. Out- 
puts from the analog-to-digital converter are direction- 
oriented square waves whose amplitude is either zero or 

24 volts. The width of the wave is equal to the specified 
accuracy increment. Transformer action between windings 
on the rotor and stator enables the unit to generate pulses 
or square waves as a function of angular position, irrespec- 
tive of speed, including zero speed. To attain high produc- 
tion rates, the servo accelerates the machine movement to 
maximum positioning speed until a predetermined distance 
from the next position is approached, at which point the 
speed is decelerated in controlled steps to an approach 
speed for final positioning. 

The Westinghouse system uses a transistor switch as its 
basic switching or logic element. All conventional forms 
plus additional functions such as 
MEMORY and COUNTING are done with these switches. Control 
units are contained in a series of transistorized modules 


of logic——-AND, OR, NO’ 


which are rack-mounted for plug-in into a cage, Fig. 2. 
Wire-wrap is used for interconnecting the modules. 

One of the first applications of the Westinghouse Prodac 
control was to a Fastermatic turret lathe described by 
Leonard Hesse, electrical engineer, Gisholt Machine Com- 
pany. Use of a tape-controlled system eliminated the need 
for feed cams, control drum, toggle switches and_ limit 
switches used on standard machines. Functions called out 
by the tape include: rapid traverse stop measurement, spin- 
dle-speed selection, feed-rate selection, turret-face selection 
and check, turret-carriage direction, and programmed cycle 
stop. Feed rate information on the tape is decoded and 
fed into a matrix which positions an electric servo motor 
to one of 16 discrete positions. Each position adjusts the 
stroke of a positive displacement oil pump to provide the 
selected feed rate on the turret carriage, whose motion is 
governed by a hydraulic cylinder and_ piston. 


Problems of the Electronics Era 


What the expanding control technology now means to the 
older machine-tool electrical engineers was summarized by 
L.. C. Michelson of the Gleason Works. He traced the history 
of machine-tool electrification back 25 years when a ery 
first went out for electrical engineers, many of whom came 
from the large electrical manufacturers. In those days the 
electrical engineer was a “jack of all trades” and in his 
leisure he handled plant engineering problems, including 
lighting loads. 

Out of this confusion came the Machine Tool Electrical 
Standards of 1941* to provide uniform wiring practice. 
Later came JIC Electrical Standards in 1950, with several 
revisions since then. 

Just when the machine-tool builder had accepted the 
electrical engineer as an important member of his design 
team, along came electronic controls to create more chaos. 
Like most machine-tool builders, the Gleason Works has 


* For the latest 1960 edition of the Machine Tool Electrical Standards, see page 
141 
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its own electrical engineering and control assembly depart- 
ments where control panels are designed and built. By 
purchasing individual electromechanical components and 
designing them into a control system, the optimum design 
and standardization of parts and wiring methods have been 
obtained, but it is apparent to Mr. Michelson that even 


with the best of such facilities, the new field of servo drives 


cannot be handled on a “do-it-yourself” basis at this time. 
Therefore, he has to work with an outside systems specialist. 
Mr. Michelson favors a medium-sized control manufacture 
because such a company is familiar with the specialized 
requirements of the machine-tool designer, has a systems- 
engineering department, provides a reliable service, and 
recognizes the potential market to be in the $5000-$7000 class 
of control. 

Gleason has begun to build some machines (a gear lapper) 
with servo drives using differential transformers as_trans- 
ducers for closed-loop feedback and linear potentiometers 
with digital dials for presetting all motions. Gleason is also 
experimenting with a d-c system using potentiometers in- 
stead of the a-c differential transformers. 

With this start in the sophisticated control area, the ques- 
tion is whether electronic design engineers should now be 
added to the staff and electronic assemblers and technicians 
developed, or whether reliance should still be placed upon 
systems-engineering specialists outside the company. Mr. 
Michelson is convinced that a machine-tool builder cannot 
forever “let George do it.” As his need and use of electronics 
increases, he must develop his know-how and facilities to the 
same extent previously done for electromechanical control 
devices and systems. 

One of the big problems facing the machine-tool builder 
is the question of maintenance of electronic control systems. 
Some of the questions asked are: Who will provide the 
service personnel? The electrical manufacturer. the machine- 
tool builder or the user? Does the user expect the electronic 
system to be guaranteed for one year as machine tools 
normally are? Are the mass-production users ready for 
electronic equipment? (There have been indications that 
they are not receptive to static equipment and prefer im- 
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Fig. 2— Modular function block and assembly cage used in 


Westinghouse Prodac numerical control system, Wire-wrap 
interconnections are used. 





Fig. 3— Temperature relations of totally enclosed non-venti- 
lated and fan-cooled motor frames. 


proved electromechanical components). What method is to 


be used in coordinating symbols on the various electronic 
diagrams? (It is impracticable for the machine-tool builder 
to make a complete diagram from the variety furnished 


with packaged components. ) 


Motor Developments 


Motors and drive systems came in for extended attention 
at this year’s forum. Motors are now available with premium 
insulation systems that meet severe environmental conditions. 
To increase protection against moisture in dripproof motors, 
Westinghouse provides a “shielded” insulation system with 
specially tested enamel wire, non-hygroscopic insulation 
materials and a heavier multiple-dip varnish coating. The 
next high level of premium insulation on a-c motors is the 
encapsulated winding motor using a vacuum-impregnated 
epoxy armor. A special thixotropic property has been de- 
veloped in this epoxy to maintain a uniform thickness over 
the winding. 

In the development of these premium insulations, D. E. 


Armstrong, Westinghouse A-C Motor Engineering Depart- 


Fig. 4— Airborne noise test on a fan-cooled motor in semi- 
anechoic chamber used in development work. 
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ment, indicated that high humidity is a very searching 
agent in finding weak areas. Therefore, tests have included 
soaking in 100 per cent RH. The more accelerated version 
of this test uses steam. 

Use of higher-temperature insulation systems has allowed 
satisfactory motor performance and torques to be obtained 
in smaller frame sizes. Westinghouse builds dripproof and 
totally enclosed motors on the same frame size throug. 
about 60 hp. A smaller motor also reduces the inertia of the 
rotor, which may be a critical factor in duty-cycle drives. 
The use of higher-temperature systems in wound-rotor motors 
also enables the standard frame sizes to be used since rotus 
heating is the criteria here. 

To meet the concern of some motor users that the surface 
temperature of motors with high-temperature insulation may 
be a hazard to operating personnel, Mr. Armstrong showed 
a chart (Fig. 3) indicating that the frame temperature of 
a Class H (180 C) insulated motor with fan-cooled, ribbed 
frame does not exceed that of a nonventilated (smooth 
frame) Class A insulated motor. In fact, the Class A smooth 
frame runs a few degrees hotter. 

Motors protected with positive temperature coefficient 
(PTC) thermistors for inherent protection against overheat- 
ing were described by John J. Courtin, senior design engi- 
neer, Westinghouse Motor Division. The basic system was 
described in ELrectricaL MANUFACTURING, November 1959, 
page 125, under the title “Inherent Motor Overheat Protec- 
tion Moves Inside the Field Coils.” Since the thermistors 
are in the winding phases and in close proximity to motor 
hot spots, protection is provided on the basis of total wind- 
ing temperature alone. Some of the machine-tool motor 
applications where service conditions might produce over- 
heating and failures include press drives with flywheels to 
accelerate; reversing service, such as traverse motors; dy- 
namic braking; built-in motors where ventilation is pro- 
vided by the machine builder; multispeed motors and high 
pull-out torque motors such as on injection molding equip- 
ment. 

Some motors have been equipped with PTC thermistor 
harnesses and relays for both alarm and shutdown with 
these ratings: 


Shutdown 
125C 
1I50C 
170C 


Alarm 
110C 
125C 


150 C 


Insulation 
Class A 
Class B 
Class F or H 


The temperature of 125 C for Class A insulation is some- 
what above the nominal rating, but not high enough for 
failure to occur in present-day motors where there are 
greatly improved insulation systems. The added temperature 
range allows the motor to handle momentary overloads with- 
out nuisance trips. 


Motor Vibration 


Much greater attention is now being paid to the reduction 
of vibration and sound. Because of this trend, Westing- 
house has installed two semi-anechoic chambers at the 
Buffalo Motor plant to facilitate study programs on vibra- 
tion and sound reduction. The smaller chamber, Fig. 4, is 
designed to provide test facilities for the engineering de- 
partment. Fiber-glass wedges are used to line the wall and 
ceiling in order to eliminate reflected energy which often 
results in standing waves. Most of the development work 
at Westinghouse will deal with electrical and ventilation- 
system frequency components (airborne) above 120 cps and 
with motors less than 3 ft in length. 

With the aid of a computer, a large number of parameters 
is now being evaluated to determine the optimum design 
for both the electrical characteristics and the forcing func- 
tions that produce vibration and sound in motors. The frame 
designs are undergoing extensive studies along with the 
other mechanical parts. 
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The noise generated by the ventilation system is under 
constant study. The goal set for each type of ventilation 
system is a wide-band noise spectrum of decreasing intensity 
with an increase in frequency. Special attention is being 
given to the blower diameter, blade shape, tip clearance, 
number of blades, and the entrance and exhaust passages. 

Extensive effort has gone into the study of ball bearing 
noises. The studies have covered the range from ABEC-1 
bearings to precision ABEC-7 ball bearings. Similar work 
is going on with sleeve-bearing designs. One of the goals 
is a ball bearing design that incorporates the combined 
advantages of sleeve and ball bearings. 

The standard commercial vibration limits specified in 
NEMA Standards (revised 11-15-56) lists the vibration limits 
for frame sizes 180 through 220 at 1 mil, peak-to-peak. Buy- 
ing data of most electric motor manufacturers list “pre- 
cision balance limits” of 0.1 mil peak-to-peak for frame 
sizes up through 320. The existing NEMA Standard does 
not specify any limits on airborne noise. AIEE Paper 58- 
1218 gives “Proposed Test Procedure for Noise Measure- 
ments on Rotating Electric Machinery,” effective at the 
present time on a trial basis. 


Adjustable-Speed Drives 


An eddy-current or electromagnetic-coupling type of drive 
has been added to the Westinghouse adjustable-speed drive 
line, as indicated by E. C. Watson of the D-C Motor Engineer- 
ing Department, who reviewed seven types of electrical 
adjustable-speed drives, all depending upon an a-c power 
supply. The new Magnaflow drive is in the form of two rotat- 
ing members and a stationary field excited from a d-c power 
supply. Varying the field strength changes the slip and 
hence the output speed from the electromagnetic coupling. 
The field excitation system uses a simple regulator which 
operates on a voltage signal from an a-c tachometer to 
maintain set speed to within + 2 per cent with a 75 per 
cent load change. Because the coupling must dissipate the 
slip losses, above 15 hp the drive is usually limited to 
intermittent duty at very low speeds unless external means 
of cooling are provided. 

Other drives described by Mr. Watson were the multi- 
speed a-c motor, the wound-rotor a-c motor, the Rectiflow 
drive (a modified Kramer drive), the constant-voltage d-c 
motor, the adjustable voltage (Ward Leonard) drive using 
an m-g set, and the adjustable-voltage drive employing mag- 
netic amplifiers and silicon rectifiers. The Rectiflow drive, 
discussed elsewhere, excells in efficiency over the entire speed 
range—80 to 90 per cent. The adjustable-voltage drive, 
using a static power supply, has an efficiency of approxi- 
mately 80 per cent at top speed. It occupies up to 50 per 
cent less floor space than the m-g set types and requires 
no reduced-voltage starters since the circuit is closed on 
unsaturated reactors. The speed regulation of +5 per cent 
is provided by the Magamp adjustable potential exciter. 

Mr. Watson listed 11 points to be watched for in the 
selection of a drive. The selection of the best drive for a 
given application is accomplished by knowing the possibili- 
ties of each drive and carefully matching the requirements 
of the driven machine to them. Final selection can be made 
when all economic factors of initial, operating, and main- 
tenance costs are fully evaluated. 


Press Drives 


The Pontiac Motor Division of General Motors has found 
it advantageous to use continuously adjustable-speed electric 
drives for presses used in blanking and progressive die 
operations. The primary reason for the choice of adjustable- 
speed drives was to reduce costs through the increased 
flexibility and versatility obtained. On one large press, for 
example, it was possible to run 12 different parts at pro- 
duction rates ranging from 1000 to 1500 pieces per hour. 
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From the point of view of minimum maintenance and 
dependable long life, a totally enclosed drive is preferred 
by Pontiac, according to J. F. Ladd, Plant Engineering 
Department. The basic constructon of the drive should be 
compact and simple, with a minimum of bearings. Opera- 
tion should be direct from an a-c source and efficiency 
should remain high over the entire speed range. The control 
should be capable of performing millions of trouble-free 
operations. Because the control is mounted on the press 
and is subjected to considerable shock and vibration, static 
conversion components to provide d-c for excitation or other 
purposes are preferred over tube types. 

Among the drives considered applicable for presses are 
electromechanical drives, modified Kramer, mechanical ad- 
justable pulley, and variable-voltage types. Pontiac is pres- 
ently using the Westinghouse Rectiflow drive consisting of 
a wound-rotor a-c and a variable-voltage d-c component 
with a highly efficient silicon rectifier and a field power 
supply. A-C power is supplied to the stator of the wound- 
rotor component and the slip power of the rotor is rectified 
and fed to the d-c motor where it is converted into me- 
chanical energy to the common shaft. Since the slip power 
is converted to energy output by the d-c component, the 
efficiency remains high at both low and high speeds. The 
drive has inherently high starting torque due to the com- 
bined torque obtained from each unit. On a standard 2:1 
speed drive, a torque of 400 per cent is obtained with only 
200 per cent current drawn from the line. 


Press Controls 


More sophisticated types of controls are now being ap- 
plied to sheet-metal forming presses. One such example is 
the adaptation of a quick die-change mechanism to hy- 
draulic presses, described by W. D. Berry, Danly Machine 
Specialties, Inc. Part of the system is an automatic slide 
positioner. With this device it is possible to adjust the 
critical height of opening between the press slide and bed, 
simply by turning a calibrated dial. The slide-adjusting 
motor is controlled by a standard cascade-type reversing 
motor starter, a resistance bridge, and two polar-sensitive 
amplifying units to control direction and amount of slide 
adjustment travel. Two members of the bridge are multiple- 
turn potentiometers, one of which is the position-sensing de- 
vice driven by the slide adjustment mechanism, the other 
the position-setting device on the control panel. The up and 
down direction controllers each consist of a three-stage 
transistor amplifier whose output controls a relay. Transistors 
function as logic units. The position-setting dial can read 
to 0.002 in. The system is basically a null-balance one. 

Servo-type controls are also used in a large hydraulic 
press built by the Hydraulic Press Manufacturing Co. and 
described by K. B. Rexford. The main power plant consists 
of six 250-hp motors each driving a variable-displacement 
radial pump. Feed-rate control of the press ram is through 
a closed-loop servo system which controls the output of 
the pumps. In this servo the position of the stroke-control 
cylinder is measured by a differential transformer and fed 
back to an amplifier. The stroke-control cylinder is gov- 
erned by an electrohydraulic servo valve. The command 
signal is made up of a relay contact network. 

Position control is obtained by comparing a voltage 
from the master potentiometer driven by the main ram and 
the various preset potentiometers in the position intelligence. 
A sensitive contact meter relay is used to provide an output, 
through a stepping switch, to the rate control system. Posi- 
tion control relay circuits provide intelligence to insure 
proper sequencing of the main ram position, delayed action 
of the die cushion and to energize position-indicating lights. 
Another closed-loop servo is used to control the carriage 
and table motions that bring the dies in and out of the 
press. ooo 
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Transformer Structural Materials 
For Extreme Environments 


! study of materials in the design of transformers at 500 C under 


nuclear-radiation environment. Evaluation of materials includes: 


© /ncapsulants 
® Metallic materials 


© Filler materials 


BARKAN, Associate Editor 


Mold } 


\IILITARY GROUPS in recent years have been engaged in 
the development of components and accessory parts for 
electronic equipment for ultra-high temperature and 
intense nuclear radiation applications. New requirements 
for equipments include ambient temperatures as high as 
900 C. This article will cover proposed materials of 
construction for transformers in extreme environments. 
as contracted by the Bureau of Ships and Air Force to 
the Raytheon Company and the General Electric Com- 
pany. respectively. 


The Air Force study (]. 2. 3)* 


design of transformers and inductors using layer-wound 


was directed toward 


coils assembled on the center leg of an EI lamination 


core configuration. This goal required investigating 


magnetic materials for the core.“ conductor materials and 


insulation for the wire.” sheet insulation to separate the 


fer t Cited References at end of article 


Environments EvecrnicaL Manurac 


EvectaicalL MANUFACTURING April 


nents EvecrnicaL MANUFACTURING 


This is the fourth and last article in the series on trans- 
former materials for service in extreme temperature 
and nuclear radiation environments, Together with the 
other articles in the series, it is being made available 
in combined reprint form for $1.00: 


e Transformer Insulation for Extreme En- 
vironments, March 1960 


e Magnet Wire for Extreme Environments, 
April 1960 


e Magnetic Core Materials for Extreme 
Environments, May 1°60 


Use the handy Order Form on page 208, or write direct 
to Reader Service Department, EvecrricaL MANurac- 
ruRING, 205 East 42 Street, New York 17, N. Y., enclosing 
cash or check. (Please add 3% City Sales Tax for New 
York City deliveries.) 


© Adhesives 
© Coil impregnants 


© Brazing filler metals 


layers of the coils.° potting materials and impregnants. 
terminal design and protective systems and materials 
and processes for making electrical joints. 

Transformer electrical ratings were selected for 400 
cps, 1500 volts rms and 1 kva output: the goal for 
operating life was 1000 hr. Environmental objectives in- 
cluded the major ones of 500 C temperature, intense 
nuclear radiation (up to 10'* fast neutrons and gamma 
photons/sq cm/sec) and air density corresponding to 
100,000 ft altitude. Mechanical objectives included 50 ¢ 
shock, 15 g vibration up to 2000 cps, and resistance to 
thermal cycling and moisture. 


Temperature 


Extremely high temperature makes many materials 
completely useless. Organic materials, for instance, com- 
pletely deteriorate at 500 C, thereby necessitating reliance 
on inorganic compositions, some of which may also be 
found unusable. In this respect, even some metals fail to 
perform their intended function acceptably. The nickel 
steels. for the most part, are nonmagnetic at 500 C while 
pure copper shows severe oxidation above 300 C. All 
metals, including stainless steels, undergo a large reduc- 
tion in mechanical strength. Therefore, a thorough screen- 
ing and evaluation of potentially useful materials had to 
be made to determine the full impact of temperature 
effects on transformer design practices. Because of the 
large amount of data involved, only the more pertinent 


ones can be presented. 


Design Parameters 


Basic transformer materials, when assembled into coil 
and core units, require protection and structural support 
for successful application. Encapsulated, cast and_her- 
metic constructions are used as follows: (1) as a thin 
coating that follows the contour of the core and coil unit; 
(2) in comparatively thick sections that follow the con- 
tour of a mold into which the core and coil unit is 
placed; and (3) in thick sections, with the additional 
protection of a metallic container. 

The hermetic construction consists of the basic core 
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Table 1—Composition and Processing Details for Castable Refractories 


LL 


A-1 | Caltab 15 
Aluminum Company of America 
Caltab 15 89.5 parts by weight 
Water 10.5 
Mixed well with light tamping. Cured 24 hr at 35 C in 90 
per cent RH oven, then dried 20 hr at 110 C. 


Alkophos C 

Monsanto Chemical Company 

Silica 100 

Alkophos C 8 

Mixed well with light tamping. Dried at 125 C for 2 hr, 
then cured at 600 C for 2 hr. 


Alkophos C 

Monsanto Chemical Company 
Silica 

Feldspar 

Alkophos C 

Water 

Mixed and cured as A-4. 


Alkophos C 

Monsanto Chemical Company 
Silica 100 
Alkophos C 20 
Mixed and cured as A-4. 


Alkophos C 

Monsanto Chemical Company 
Silica 100 
Alkophos C 25 
Mixed and cured as A-4. 


Alkophos C 

Monsanto Chemical Company 
Silica 100 
Alkophos C 30 
Mixed and cured as A-4. 


Pli-Tab Trowl Mix 

Plibrico Company 

Powder 60 

Liquid 20 

Mixed and tamped. Dried at room temperature for 24 hr. 
Cured at 100 C for 24 hr. 


Kasil Number 1 

Philadelphia Quartz Company 

Alumina 90 

Clay 10 

Kasil No. 1 (28 Bé) 27 

Water 2 

Mixed with water addition. Dried 2 hr at 125 C. C 
hr at 600 C. 


Kasil Number 1 

Philadelphia Quartz Company 
Silica 45 
Clay 55 
Kasil No. 1 (10 Bé) 

Mixed, then cured as C-}. 


and coil unit inside a regular-shaped metallic enclosure. 
Feed-through ceramic terminals allow electrical connec- 
tion between the inside and outside of the enclosure. The 
air spaces within are filled with a dielectric material 
which also aids thermal dissipation. Castable and ceramic 


cements needed for this construction required both a 
visual and a porosity check. The visual one consisted of 
noting changes occurring during handling, and in the 
adhesion of the material and shrinkage on cure. Porosity 
was measured by immersing the material in water for 5 
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C-5 | Kasil Number 1 
Philadelphia Quartz Company 
| Silica 
| Feldspar 
| Clay 
Zinc oxide 
Kasil No. 1 (10 Bé) 
; Mixed, then cured as C-1. 


40 parts by weight 


Kasil Number 1 

Philadelphia Quartz Company 
| Silica 
| Feldspar 

Clay 
| Kasil No. 1 (10 Bé) 

Mixed, then cured as C-1. 


Kasil Number 1 

Philadelphia Quartz Company 
Silica 

Feldspar 

Clay 

Zinc oxide 

Kasil No. 1 (28 Bé) 

Mixed, then cured as C-1. 


Kasil Number 1 

Philadelphia Quartz Company 

Silica 

Feldspar 5 
Clay a4 
Zinc oxide 2.8 
Kasil No. 1 (28 Bé) 12 
Water 3 
Mixed with water addition, then cured 


LP 28 Cement 

GE-General Engineering Laboratory 

LP 28 Cement 40 

LP 28 Binder 23 

Mixed and then brushed on sandblasted silicon she=t steel 
Dried at 125 C for 2 hr. 


Electrical Cement A 

Titanium Alloy Manufacturing Div. of National Lead Co. 
Electrical Cement A 100 

Water 5 

Mixed, then vibrated and tamped in dish. Dried at 125 C 
for 4 hr, then cured at 600 C for 2 hr. 


Air Setting Cement 

Titanium Alloy Manufacturing 

Air Setting Cement 100 

Water 8 

Mixed, then vibrated and tamped in a dish. Set-up tim 
was about 6 min. 


Zirconia Cement No. 102 

Titanium Alloy Manufacturing 

Zirconia Cement No. 102 75 

Air Setting Bond No. 1 25 

Water 15 

Mixed, cast and vibrated to release air. Set-up time 9 min 
Dried at 125 C for 4 hr. Cured at 600 C for 2 hr. 


min and determining the change in weight before and 
after immersion. 


Filler Materials 


The compositions of the materials evaluated and 
pertinent processing details are listed in Table |. The 
results of the evaluations are listed in Table II. 

All materials investigated showed varying degrees of 
porosity. Best results were obtained with Zirconia Cement 
No. 102 used with Air Setting Bond No. 1. Several of 
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Table li— Results of Evaluation of Castable 
Refractory Materials 


4-1 | A hard cake was obtained. Air bubbles in the mix caused 
flaking on top of the cake. Moisture absorption 4.73 per 
cent. 

| Brittle. No adhesion 


Good cake formed. Dark in color. Attacked aluminum 
dish. 
Good cake formed. Slightly softer than B-1 
Formed good cake. Hard compact with good adhesion. 
| Moisture absorption 10.60 per cent. 
| Excessive bubbling. Cured to hard cake 
Good adhesion. Resulted in a smooth mix. Slight shrink 
age noted 


| Cracked. Poor adhesion. 

| Formed hard cake. Some cracking evident. Moisture ab 
sorption 10.40 per cent. 
Considerable cracking. Very uneven drying resulting in 
fissures. No adhesion. 
Formed good cake. Required heavy tamping 


Formed very hard cake. Some air holes present. 

Cracked and pulled apart. 

Cracked badly during drying 

Fine hairline cracks. 

Good uniform coating. Good adherence to metal. Com- 
paratively soft. 


Formed good hard cake with very little shrinkage. 
Formed good hard cake with smooth finish. Moisture ab 
sorption 5.47 per cent. 

Best results of trials. Cake was hard and smooth with very 
little shrinkage. Moisture absorption 8.50 per cent. 

Cake cracked. Was soft and unusable in these proportions. 


the materials have properties suitable for use in trans- 
former construction after slight formulation changes. 

Four cements were also evaluated for their specific 
applicability to the role of a filler material. These were 
MgO plus Alkophos C, SiO, plus Alkophos C, Fiberfrax 
plus magnesium sulfate, and a combination of MgO, SiO, 
and Alkophos C. Results were as follows: 


(1) MgO plus Alkophos C produced a very hard, fast- 
setting cement with low porosity. 

(2) SiO, plus Alkophos C produced an extremely hard, 
very slow-setting cement of low porosity. 

(3) Fiberfrax plus magnesium sulfate, when damped and 
dried, produced a lightweight insulation-type material. 

(4) Combinations of MgO, SiO, and Alkophos C produced 
intermediate setting times, although the structure was weaker 


Table lil— Properties and Composition 
Processing of Hermetic Ceramic Filler Material 


Composition 
Material Parts by weight 
Magnesium oxide 1 
Silicon dioxide 1 
Alkophos C 1 
Curing se he 2 hr Approximate times 
70C 4 hr Actual time depends on 
125C 4 hr thickness and composi- 
500 C 4hr tion. 
Thermal shock ‘ . .Good 
Dielectric breakdown strength. .250 vpm at 25 C 
Low-temperature storage No visible effect after 24 hr at 
—65C 
700 Ib/sq in. 
30 min in small amounts, less in 
larger amounts due to heat gen- 
erated. 


Modulus of rupture 
Set time... 


Note vibrate the transformer during the pouring operation to insure complete 
filling of the air spaces 


than when the materials were used alone. The combination 
was considered most satisfactory, although its thermal con- 
ductivity was an unknown factor. Compatability was deter- 
mined by casting stainless steel, mild steel and mica in this 
combination. A 100-hr aging period at 500 C produced no 
reaction between the cement and the transformer materials. 
The final composition of this filler material, with its proper- 
ties and processing data, is shown in Table III. 


Metallic Structural Materials 

The criteria for the selection of materials for me- 
chanical components such as case parts, mounting 
brackets, core clamps and other related hardware were: 

1. high and low temperature resistance to corrosion and 
scaling in air, vibration, fatigue and impact 

2. creep rupture strengths at high and low temperatures 

3. ductility or “workability” 

4. welding characteristics 

5. relative cost and weight. 

Nine formulations of stainless steel, a grade “A” 
nickel sample and an Inconel sample were aged (in an 
oven) with free air at a temperature of 550 C. The weight 
of each sample was recorded at room temperature initially 
and at 500 hr intervals during the 2000-hr aging period. 
Table IV lists the data resulting from this procedure, 
where weight change has been converted to milligrams/- 
sq in. The two best samples as far as minimum weight 
change is concerned are grade “A” nickel and Inconel. 


Table I1V— Metal Samples Aged at 550 C in Free Air (Weight Change in mg ‘sq in.)* 


Description 


Time, hr 


Thickness, in. 


Inconel (pickled and cold-rolled NX-3573) 0774 
Stainless steel (310 annealed) 0308 
(304-L annealed) 0297 
(321 annealed) 0311 
(347 annealed) 0314 
(446 annealed) 0314 
(430 annealed) 0304 
(302 annealed) 0349 
(316-L annealed) 0322 
(442 annealed) 0314 
Nickel — grade ‘“‘A”’ (half hard) 0304 


* See Cited Reference (7). 
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All samples showed a very good resistance to sealing. 
In the search for suitable materials, consideration was 
given to those most readily available. Since transformers 
are static devices using no highly critical moving parts, 
the super-alloys and others containing high percentages 
of strategic materials were largely neglected. Such alloys 
are primarily used at temperatures above 1500 F. The 
ulaterials actively considered were carbon steels, straight 
chromium steels (“400” series of stainless steels) and 
chromium nickel steels (““300” series of stainless steels). 
Specific properties of these are shown in Table V. 

The carbon steels are not suitable for intermittent 
1000 F service because of their low corrosion resistance 
and low rupture strength. However, they may be satisfac- 
tory for parts of low stress, provided that the material is 
protected from corrosion by a coating of fired-on ceramic 
or aluminum or by enclosing in an oxygen-free atmos- 
phere. 

The straight chromium steels are satisfactory in re- 
spect to corrosion resistance, but they have low creep 
strengths at 1000 F. One major disadvantage of these 
steels is their low impact resistance because of suscepti- 
bility to temper embrittlement, particularly in welds. 

The chromium nickel steels were found to be the best 
material for 1000 F service. Of these steels, Type 316— 
containing nominally 18 per cent chromium, 12 per cent 
nickel and 2.5 per cent molybdenum 
most feasible. This is the strongest and toughest alloy of 
the “300” series. The molybdenum constituent helps to 
stabilize the material when it is welded and when used 
at 1000 F by minimizing carbide precipitation which 
causes intergranular corrosion. Type 316 material also 
produces the lowest-weight design at a cost that is com- 
patible with the mechanical specifications of the design. 


was considered 


Transformer Structural Design (2) 


The encapsulated transformer consists of an_ inter- 
leaved UI core with the laminations perpendicular to the 
mounting plane and with its longest dimension parallel 
to and as close as possible to the mounting surface. The 
upper leg of the core supports the relatively light and 
fragile coil that has a brittle glass-like coating of ceramic. 
This arrangement places the center of gravity at the 
minimum distance from the mounting plane. 

The core is clamped between two right-angle brackets 
serving as core clamps and mounting feet. Studs passing 
through the bolt holes in the core and clamps hold the 
assembly together. The larger units (UI-75 through 
UI-100) have gussets in the core clamps to provide the 
necessary rigidity and strength to hold the large masses. 
These gussets help to keep the clamp thickness and its 
weight to a minimum. The important consideration in 
the clamp design is to make the assembly rigid to pre- 
vent excessive stresses and to minimize relative motions 
that would cause the brittle encapsulation to fail. 

The hermetic ultra-high temperature transformer was 
designed to use EI-50 through EI-150S core laminations. 
Initially, an attempt was made to design this hermetic 
transformer for standard MIL-T-27A hermetic cases. 
This type of design placed the center of gravity of the 
core and coil unit so high above the mounting plane that 
it was difficult to provide core brackets of sufficient 
strength and still allow enough space in the cover for 
terminal bushings. This design approach, therefore, was 
dropped in favor of a double-ended case having a low 
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Table V—Properties of Transformer 
Structural Steels 


Chrome- 
nickel 
steels 


Straight 
chromium 
steels 


Property 


Rupture strength at 1000 F 
(10,000 hr) 


| 13,000 psi| 27,000- 
| 40,000 psi 


Creep strength at 1000 F 
(0.1%/1000 hr) 


6000— 
9200 psi 


20-30% 60% 


16,000- 
25,000 psi 


Ductility at 25 C, elonga- 
tion in 2 in. 








height and a greater mounting-bolt spread. The final 
hermetic design provides minimum distance from the 
center of gravity (at the geometric center of the case) to 
the mounting plane. Higher stresses can be tolerated in 
the hermetic design because there are no brittle coatings 
to contend with. 


Coil Impregnant 


The chief need for coils destined for 500 C electronic 
power applications is strength. Inorganic insulating 
materials are very fragile and require additional support 
to survive the mechanical environments to which they 
are exposed. Electrical and thermal improvement would 
also be desirable, but to a somewhat lesser degree. The 
objective then would be to develop an impregnating ma- 
terial that basically gives the transformer coil strength 
and protection. However, in achieving strength, dielectric 
properties should not in any way be sacrificed. A ma- 
terials search revealed aluminum phosphate solution to 
be a potentially useful impregnant. Initial feasibility 
trials proved this and it is scheduled for further develop- 
ment. 


Nuclear Radiation (3) 


The specification of a nuclear radiation environment 
necessitated performance of a series of tests on both 
transformer materials and systems at the Brookhaven 
National Laboratory. A large number of potentially use- 
ful materials was tested individually on specially pre- 
pared specimens under combined 500 C and radiation 
environments. 

Radiation testing indicated that those materials that 
could survive a 500 C temperature could also remain 
essentially unaffected by a nuclear-radiation environment. 
Therefore, materials meeting these qualifications were 
selected for the systems tests conducted on filament and 
plate transformers. An unusual occurrence peculiar to the 
presence of radiation is the contribution of temperature 
rise by gamma heating. Extra rises ranging from 20 to 
50 C were observed. 


Adhesives (4, 5, 6) 


Conventional transformers operating at up to 200 C 
make free use of varnishes to bond the various parts 
together. Since organic bonding agents are limited to 
temperatures below 250 C, it became necessary to find 
an inorganic bonding agent stable at very high tem- 
peratures to produce a structure capable of withstanding 
the effects of shock, vibration, and magnetostriction 
which are encountered under severe operating conditions. 
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Phe investigation included techniques of using calcined 
silicone resins and an evaluation to determine electrical 
properties and bonding effects with and without fillers. 
Further investigation included the soluble silicate and 
phosphate salts, and the fusible salts such as lead borate 
ind silicate A study of silicone resins for 600 ¢ adhesive 
use is report d here. 
degassed in vacuo at 425 C, have 


Silicone resins, 


useful as bonding agents for trans 
450 C. 


(after degassing in vacuo at 650 C), 


proved extre mely 


formers to operate at In attempting the use of 


these resin it OOO 
occurred with deterioration of 


carbonization severe 


electrical properties. This led to a study of the character- 


istics of various silicone resins after heat treatment 
under vacuum and in air, for the purpose of selecting a 
resin which would exhibit superior electrical properties 
ind bonding strength after heat treatment. 
The following resins were selected for testing: 
R-64 Union Carbide 
R-610 
DC-994 


sf yf) 


Union Carbide 

Dow Corning 
(sodium methyl siliconate ) General Electric 
81543 General Electric 
SR-80 
DC-2105 
DC-997 
X-820 
X-8217 
X-822* 
SR-155 


WS-95 


General Electric 
Dow Corning 
Dow Corning 
Union Carbide 
Union Carbide 
Union Carbide 
General Electris 
Union Carbide 


The method of test was to cure overnight in air at 
200 C, then heat the cured resin in vacuum for 16 hr to 
a maximum temperature of 525 C. After weighing, the 
resins which had not turned black were heated under 
vacuum for an additional 24-hr period to a maximum of 
625 C. Of this period, about 16 hr were at the maximum 
temperature. Finally, all of the resins were heated 2 
hr in air at 625 C. Weight, appearance, and apparent 
cohesive strength were recorded after each treatment. 

After the first treatment at 525 C, all of the resins were 
black with the exception of R-64, DC-994, SR-80 and 
DC-2105. 
with the exception of 81543, which was fair, and SR-155, 
which was poor, 

After the 625-C treatment, R-64 was dark amber in 
color, DC-994 and SR-80 were black. The R-64 and 
SR-3O had excellent strength, DC-994 fair. The remain- 
ing resins which had turned black at 525 C 
treated at 625 C. 


The cohesive strength of all appeared good 


were not 


All of the resins were finally heated for 2 hr in air at 


625 C. All turned white, and no bonding strength was 
retained by the siliceous residue in any instance. 

One of the properties desired in a resin to be used as a 
bonding agent at high temperatures is high silica con- 
tent. In this respect, SR-80 and SC-50 are outstanding. 
The latter, sodium methyl siliconate, is less desirable 
than the former because of its greater tendency to car- 
bonize. The four resins which exhibited least tendency 
to carbonize are R-64, DC-994, DC-2105, and SR-80. 
From all points of view, SR-80 is superior among those 
tested. 

Further screening tests on silicone resins reduced the 
number of suitable resins to four: 
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SR-80 General Electric 
R-64 Linde, Union Carbide 
DC-994 
R-610 


rigid type 
rigid type 
Dow Corning flexible type 


Linde, Union Carbide flexible type 


The electrical properties of the resins listed above 
were determined after degassing in vacuum at 600 C€ 
Double-layer coils, 2 in. long. were wound on ceramic 
rods with No. 28 glass-served silver wire and cleaned by 
heating in air at 600 C for 2 hr. The coils were impreg 
nated in resin under vacuum, cured 2 hr at 190 C, and d 
gassed by heating in vacuum | hr at 200, 300, 400, 500 
and 600 C. One sample was removed and another heated 
for an additional 16 hr at 600 C in vacuum. Insulation 
resistance between layers was measured at room tem- 
perature. Results are tabulated below: 


After continued heating 16 hr 
at 600 ¢ 


Insulation resistance |} Appearance 


SR-80 infinity darker brown 


R-64 infinity very dark brown 
DC-994 110,000 megohms when dry almost black 
R-610 100,000 megohms when dry deep black, glossy 


The rigid-type resins SR-80 and R-61 are better 
electrically, as evidenced by their high resistivity and 
lighter color after degassing. 

Potting compounds, in general, are undesirable in 
ultra-high temperature transformers because they nullify 
the high heat-transfer effects of radiation at high tem- 
peratures and therefore act as thermal insulators. How- 
ever, in very small units, it is sometimes desirable to 
eliminate mounting hardware and simply pot the unit in 
a hermetically sealed case. The problem then, is one of 
developing a compound of zero shrinkage upon curing, 
since any looseness of the potted mass within the case 
renders the unit vulnerable to the effects of shock and 


vibration. In addition, the thermal coefficient of expan- 


sion should be a compromise between the maximum and 
minimum coefficients exhibited by containers, conductors 
and insulation. Electrical properties, with the exception 
of electric strength, do not present a serious problem, 
since fillers and binders of acceptable electrical character- 
istics are available. Electric strength is essentially that of 
the gas with which the compound is impregnated, be- 
cause of the unavoidable presence of voids in the struc- 
ture. 

A number of additional compounds have been pre- 
pared and screened from the standpoint of small shrink- 
age. The materials were cured in cylindrical containers 
2! in. diam by 3 in. high. Shrinkage was determined 
qualitatively by cutting through the central axis of the 
cylinder and observing clearance between the cylinder 
wall and the block of compound. The majority of com- 
pounds shrink to such an extent that the cured block is 
readily from the cylinder without cutting. 
Certain formulations, however, were found to fill the 
cylinder completely 


removed 


after curing, as far as could be 
visually determined. 

The problem of shrinkage depends on several factors. 
Probably the most important of these are percentage 
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of volatiles, nature of filler, and screen analysis of filler. 
Mechanical strength nature and _per- 
centage of binder and on the nature and particle size 


of the filler. Small particle size is generally favorable to 


depends on 


mechanical strength, but introduces problems in the re- 
moval of volatiles. Best drying and curing properties 
are obtained with a mixture of fine and coarse particles. 

Binders investigated colloidal 
(Ludox), aluminum phosphate and silicone resins, Linde 
R-610, Linde R-64, and G. E. SR-80. 


The silicone resins, when cured in the usual way in 


include silicic acid 


air at 180 to 200 C and degassed in vacuum at a tem- 
perature exceeding the desired operating temperature by 
50 to 75 deg, provide strong, tough binders of excellent 
electrical properties. The three resins listed above compare 
as follows in properties: 


e@ R-610 has a very high solids content (65 per cent) 
and thus minimizes problems of solvent removal. It 
forms tough, strong structures with many voids caused 
by evolution of gases during degassing. Porous, low 
specific gravity structures are readily made with this 
resin. Formulations may be made which expand on cur- 
ing, thus aiding in firmly embedding the potted parts. 
Its disadvantages are excessive foaming and bubble 
formation on degassing, and a long processing period. 


@ R-64 likewise has 65 per cent solids. After degassing, 
it forms a hard structure slightly more brittle than R-610. 
Voids in the structure are smaller and more uniform. 
Foaming and bubbling is less troublesome. Expansion of 
certain formulations occurs upon curing. 


e@ SR-80 is a high silica resin of only 35 per cent 
solids content. Most of the volatiles are removed in the 
original 200-deg cure; gas evolution upon degassing is 
much less than in the case of the other two resins. Voids 
in the cured structure are of about the same size as those 
obtained using R-610. This resin yields somewhat more 
brittle compounds that the other two. 


Ludox colloidal silica (28 per cent SiO,) in water is 
suitable as a bonding agent for potting compounds. Re- 
sulting materials are more brittle and not quite as strong 
as those bonded with silicone resins, and are free from 
the holes characteristic of compounds bonded with sili- 
cones. The material is easier to apply, has shorter drying 
periods and no vacuum degassings are required. 


Brazing Filler Metals (4) 


Aging tests (2000 hr at 600 C in air) were completed 
on nine samples of brazing filler metals. Results are tabu- 
lated in Table VI. 

Sample pieces of nickel tubing brazed with the above 
materials showed no leaks on the helium mass spectro- 
meter after 1500 hr in air at 600 C. 

The metals listed in Table VII are selected as those 
most suited for 600 C service. 

Terminal fabricators experienced trouble with gold, 
due to the dissolution of molybdenum metallized areas. 
This element is therefore eliminated from consideration. 

A suggested brazing sequence is: silver or gold-nickel 
for the terminal parts and Nicrobraz 50 for brazing 
terminals to case and wires to feed-throughs. The termin- 
als should be mounted to the bottom of the case as the 
final operation. ooo 
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Table Vi 


Material Per cent gain in| Appearance after aging 
weight 


Fine silver 0.41 
A.P.W. No. 255 
82Au-18Ni 0.66 
A.P.W. No. 242 
37Au-62Cu 4.28 
-P.W. No. 261 
75Au-20Cu-5Ag 3.71 
.P.W. No. 259 
94Au-6Cu 14] 


Bright; good condition 
Gray; good condition 


Badly sealed and 
embrittled 


Sealed and embrittlea 


|Gray; good condition 

Fine gold 0.74 Bright; excellent 

Nicrobraz 50 
77Ni-10P-13Cr- 
0.15Mn 


Nicrobraz 10 
90Ni-10P 

Silvaloy No. 301 
72Ag-28Cu 


(Powder) partially 
sintered 


(Powder) sintered 


Surface black, center 
of wire bright Ag; 
embrittled 


Table Vil 


Filler metal Melting range, 


deg F 


Spec ial notes 


Gold 1945 Has powerful solvent 
effect on many metals 


Silver 1760 | Watch out for migra 


} tion along ceramic 
| 
| surfaces 


A.P.W. No. 255 
82Au-18Ni 

Nicrobraz 50 
77Ni-13Cr-10P- 
0.15Mn 1615-1640 


Powder form or pressed 
shapes only 
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The Network as Analog 


A. E. RUDAHL 


Associate Editor 


“The sum of all of the forces acting on a body 
is zero. .’ Properly known as d’Alembert’s prin- 
ciple, this statement has a strongly reminiscent ring. 
Kirchhoff’s Laws state the same thing in terms of 
the electrical circuit. 

Energy as force in motion is fundamental in en- 
gineering thinking and analysis. The electrical circuit 
is the most common and most thoroughly understood 
vibratory system; its motion equations vividly demar- 
cate the transient and the continuing conditions, and 
its parameter elements are clearly recognized and 
conceivable as separate entities. Translating non-elec- 
trical into electrical systems for analysis and under- 
standing, therefore, has a long history. 

Analyzing any form of dynamic system becomes 
a matter of developing equations accurately represent- 
ing the conditions and any known physical laws in- 
volved, and then the solution of the equations. In 
the powerful analog approach, the first step in the 
indicated sequence is the all-important one: equations 
known to be valid and significant are readily solved. 
The differential equations representing a complete 
(simple or complex) electrical circuit are statements 
consisting of terms in which the coefficients are 
clearly and unmistakably circuit parameters: capaci- 
tance, inductance and resistance. The analogy approach 
to other systems is simply the recognition that the 
coefficients of terms in a system of differential equa- 
tions (that is, equations recognizing motion and 
change) representing a mechanical, thermal or 
acoustic system may be considered to be “circuit” 
parameters for such systems. 

For a mechanical system, linear or rotational com- 
pliance may be represented by a spring. In an 
acoustical system, the parallel is a contained volume 


of sound medium which acts as a stiffness or spring 
element. Electrical capacitance is analogous to both 
of these. Such impedance analogies are formal; they 
arise from resemblances between sets of differential 
equations for various systems. These similarities should 
not be accepted as implying any physical similarities 
between such analogous parameters. It is evident that, 
depending upon definitions, various systems of analogy 
are possible. One powerful approach is based upon 
physical, rather than dimensional, analogy. In the 
mobility analogy, mechanical mobility is defined as 
the complex ratio of velocity to force.* This defini- 
tion has formed the basis for powerful methods of 
analysis of mechanical dynamic systems. The mo- 
bility analogy is cited as one example of the various 
systems possible, starting with various postulates. 

In the article beginning on the facing page, 
the idea of degrees of freedom is used as the 
fundamental key to mechanical systems. The con- 
cept of generalized coordinates is developed, as is 
the fact that the number of independent generalized 
coordinates characterizes the mechanical system in 
the same way that the number of independent loop 
(or node) equations classifies an electrical system. 
The analogy is extended to circuits having distributed 
constants, in which the characteristic impedance is 
not constant, by relating a mechanical oscillating 
beam to an electrical long-line circuit. Finally, the 
extension of the analog method is demonstrated for 
linear mechanical systems for which the electrical 
analog can not be presented as a passive circuit 
but which can be constructed in the form of a linear 
active four-pole network. 


* * * 


Julius J. Hupert was born in Tarnopol, Poland. He holds 
the Dipl. Ing. degree in Electrical Engineering from Warsaw 
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associated with the company’s many R & D projects in the 
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Dr. Hupert has published a book on transmitter design 
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* The Mobility and Classical Impedance Analogies, Floyd A. Firestone, 
American Institute of Physics Handbook, McGraw-Hill Book Co., New 
York. 


ELECTRICAL MANUFACTURING 





Electrical /isi sna 
Manufacturing 





NETWORK ANALOGS 
FOR 
MECHANICAL 
SYSTEMS 


JULIUS J. HUPERT 
Professor of Physics 
De Paut UNIVERSITY 

Chicago, Illinois 


June e 1960 (Copyright 1960 by C-M Technical Publications Corporation) © 





NETWORK ANALOGS 
FOR 
MECHANICAL SYSTEMS 


JULIUS J. HUPERT 
Professor of Physics 
De Paut UNIVERSITY 

Chicago, Illinois 


Two PHYSICAL SYSTEMS can be called analogous if their 
behavior can be described by an identical set of mathe- 
matical equations, but with differences in physical meaning 
for the symbols. The value of a mathematical analog is that 
it is a precise and illustrative method for ready recognition 
of similarities in patterns of behavior of various physical 
systems in different fields. 

The practical value of analogs is in application of cer- 
tain familiar routines of one branch of physics to the 
solution of a problem from another branch. Thus, to an 
electrical engineer, a circuitry analog of mechanical vibra- 
tions may be of considerable assistance in analyzing a 
mechanical vibratory problem. The rigorous formalism 
and clear-cut topological patterns peculiar to the theory 
of electric circuits make them a particularly valuable ana- 
log tool. 

Many examples of electrical analogs of mechanical, 
acoustic, thermal and diffusion phenomena can be found 
in the literature. The theory of linear mechanical vibra- 
tory systems and electromechanical transducers and servo 
systems has been very well covered. The purpose of this 
article is to emphasize the analogies between electrical net- 
work equations, in two alternative formulations, and those 
of mechanical and electromechanical systems. The scope 
of the article is limited to linear systems, which is appro- 
priate when first acquiring skill in the formulation of analog 
equations and diagrams. 

Emphasis will be on the fact that there are two essential 
types of electric-circuit analogs based on (a) loop, or 
mesh, and (b) nodal systems of network equations. A cor- 
relation will be made between Lagrange equations of 
energy functions, usually associated with mechanical prob- 
lems, and the circuit equations of their network analogs 
in the two alternative forms. Possible application of elec- 
trical analogs to mechanical systems of distributed con- 
stants, and the superiority of the nodal system in this 
connection will be indicated, as will the fact that both 
passive and active systems may be represented by passive 
and active electrical analogs. 

Electrical analogs may also be profitably used when 
applied to branches of physics other than mechanics. Their 
most widespread use is in acoustics. Two-element analogs 
(to represent thermal capacity and conductivity) can also 
be very profitably employed in the examination of heat- 
flow problems, and, in a very similar manner, the problems 
of diffusion. A typical example of this last class of prob- 


106 


lems is the examination of the diffusion of carriers in 
semiconductor materials where carriers are regarded as 
charged “bodies” traveling in the medium by diffusion. 


Basie Analogies 


Since analogs are based on the similarity of differential 
equations, we shall start from the indication of analogies 
in application to individual items of our systems. A similar 
approach is used by Olson without, however, developing 
the two alternative analogies simultaneously and without 
strong emphasis on the principle of duality. The latter has 
been emphasized recently. (J, 2)* 

In mechanical systems we consider rectilinear motion 
with the principal coordinate being the distance from ori- 
gin along a straight line, or rotational motion where the 
principal coordinate is the angle of rotation of a body. In 
our systems we will consider the effects of three principal 
types of forces in rectilinear motion and three principal 
types of torques in rotational motion: 


(1) Driving force or torque of a moving body is related to 
time and distance by the well known equations: 


—_— 70 i ,% 
ab ad 


(2) Force or torque applied to a linearly compliant body 
such that the restoring force or torque is proportional to the 
linear or anguiar coordinate: 

fr = kx and T, = ké (2) 

(3) Dissipative force, such as viscous damping, where the 


resulting force or torque is proportional to velocity, linear or 
angular: 


(3) 


Dissipative forces or torques are absent in conservative sys- 
tems—that is, those without dissipation of energy. 

Our electrical analogs are based on the formal, mathe- 
matical equivalence between: 


* Italic numerals in parentheses refer to Cited References at end of article. 
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force (torque) and (a) voltage or (b) current; and velocity 
(angular velocity) and (a) current or (b) voltage 


Therefore, it is important to remember that, since electric 
network equations are set in terms of voltages and currents, 
in their mechanical counterparts ¢ and 6 assume stronger 


emphasis. The coordinates x and @ thus become analogous 
to either: 


(a) q f i(t)dt 


(charge in a condenser) or: 


(b) ¢ = f v(t)dt (5) 


(flux in a coil). 

In this manner our analog equations in the time domain 
describe the relations between forces and original mechani- 
cal coordinates of the type x or @ in terms of integro-dif- 
ferential rather than differential equations. The introduc- 
tion of the concepts of mechanical impedance or 
admittance together with the techniques of complex num- 
bers or linear transformation calculus (based on Laplace 
transform) serve to obviate any computational difficulties. 

We can proceed directly to state the tables of analogs, 
Tables I and II, in terms of methods of (a) mesh equa- 
tions and (b) nodal equations. It is helpful to remember 
that mesh equations are in the basic form: 


~~ 


~ voltage sources in the mesh considered = = voltage drops 
in the considered mesh, caused by currents of all meshes 


Voltage sources are of positive sign if their direction 
agrees with the arrow of the current stipulated for the 
considered mesh. 

The nodal equations are in the basic form: 


> current sources toward the considered node = 
> resultant outflowing currents, effect of voltages of all nodes 


Conventionally, voltages at all nodal points are marked 
as positive with respect to the reference node. Current 
sources are considered positive if arrows are oriented 
toward the considered node. On the right hand side, the 
currents resulting from the voltages at all nodes are con- 
sidered positive if flowing away from the considered node. 

The above rules are but a reminder of the formulation 
of circuit equations. This topic is developed extensively by 
Skilling, Goldman, Stewart and others in numerous text- 
books. (3, 4, 5) 

The number of equations describing the given mechani- 
cal system depends on the number of its degrees of free- 
dom. Depending on the type of electrical analog chosen, 
the number of degrees of freedom corresponds to (a) the 
number of independent loops or (b) the number of in- 
dependent nodes in analog networks. 

We shall revert to the topic of analogs of systems with 
more degrees of freedom than one after considering an 
example of oscillatory systems of a single degree of free- 
dom involving a single resonant frequency. 


Oscillatory System of 
One Degree of Freedom 
We are familiar with the typical mechanical system 
shown in Fig. 1 and with its electrical equivalent shown 
in Fig. 2. 
The mechanical system is described by the equation 
dr 


I. 
[@® = m- : +p + kr (6) 
dt’ dt 


(in terms of deflection x), or by the equation 
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os f(t)= applied force 
| 
> Sprinc 
— 


m= mass 
Ve = compliance 


P= coefficient of proportionality, 
viscous force to velocity 


. 
+ 
[7] 
4 


1f(f) 


Fig. 1—Typical simple mechanical system. 


dz ; ee 
(() = m—-+ pt +k] dl 
dt 0 
(in terms of velocity z). 
The equivalent electrical equations can be expressed in 
terms of current: 


G= tide (8) 
a a 

or in terms of charge: 

d’q dq 4q 
a ae 


The foregoing analogy is formed on the basis of the elec- 
trical mesh equation method with the following listing of 
analogies of variables and coefficients: 


ot) = L (9) 


v(t) voltage = force f() 


i(t) current = velocity <(f) 
q(t) charge = deflection x(t) 

L inductance = mass m 

rresistance = viscous coefficient p 

C capacity = compliance 1/k 

A simple vibratory mechanical system can frequently 

be represented with advantage by another electrical analog 
which is a dual of the circuit shown in Fig. 2. A simple 
vibrating reed represents a system for which the dual 
of the analog of Fig. 2 is particularly suitable. Figure 3 


“ 


Fig. 2—Electrical analog of mechanical system of Fig. 1. 


f deflectior 


rcting external force nctior f time) 


Fig. 3—Mechanical system consisting of a vibrating reed. 
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+ + - 


Fig. 4—Circuit analog of vibrating-reed system of Fig. 3, and 
the “dual” of Fig. 2 


shows in a simplified form a mechanical diagram of a 
vibrating reed. (6) 

The concept of duality will be further developed but, 
for the sake of this example, we define duality as analogy 
between two electrical circuits so arranged topologically 
as to replace: 


voltage source by current source 

inductance by capacity 

resistance by conductance 

series connection by parallel connection 

addition of voltages series-connected in a mesh by addition 
of currents in branches connected in parallel between the 
same two nodes. 


A circuit dual to the one in Fig. 2 and also analogous 
to the mechanical system in Fig. 3 is thus the one shown 
in Fig. 4. 

The torque equation corresponding to the system in 
Fig. 3 is 
dé 


- ko 
t+ eat 


d‘0 
J 


10 
dt ad 


TW) 
where 


a moment of inertia 
TY 
eandk 


torque corresponding to external force 
coefficients of loss and stiffness 

For small deflections, we reduce Eq (10) upon division 
by R, to: 
d’z, 
dt’ 


dr, 


d a) 


m + koro = f(D 


+ Po 


where 


Io = small deflection at the end of the rod 


ky / 
= new constants 
Po } 
In terms of velocity x, at the end of the rod: 


diy 


t 
i + potty + bof Zodt = fi 
0 


(12) 


m 


d 


Equations (11) and (12) correspond to the “mesh” type 
analogy of the electrical analog. Another electrical analog 
of the same simple mechanical system can be represented 
more effectively by a circuit dual to the one in Fig. 2. A 
good introduction to the concepts of analogy and duality 
can be found, for example, in the textbook by Skilling. (3) 

The differential equations of this circuit represent the 
first of Kirchhoff’s laws and are: 


(i) = Oma aT on (13) 
; _ as ™ L Jo ” ; 


d’¢ 
() = C—>Y 
i) dt 


+ G 


dt L on 


equations quite analogous to both Equation-pairs (8) and 
(9) and (11) and (12). Based on Eqs (13) and (14), 
we determine another set of analogous coefficients and 
variables [Tables I and II and Eqs (8, 9, 11, 12)]. 


i(t) forcing current source = force f(i) 
v(t) voltage across parallel-tuned 
circuit 
¢(t) flux in the coil (instantaneous 
value) 
C capacity 


= velocity Z(t) 

= deflection z(t) > (15) 

= mass m 

G conductance = damping 
coefficient po 


L inductance = compliance 1/kp | 


The two most significant data of any vibratory system 
(electrical, mechanical or acoustical) are the values o, 
and Q, where w,/2z is the frequency of resonant mode 


Table |—Analogous Terms in Differential Equations 


Mechanical systems 


Rectilinear Rotational 


force torque 
f x 


velocity angular velocity 
x 0 


distance position angle 


moment of inertia 


J 


compliance (inverse of stiffness) 
1/k 1/k 
(angular) 


damping coefficient 





Electrical analogs 


(b) Nodal system 


(a) Loop (mesh) system 





voltage 
7 1 


current 


current voltage 
1 


charge 


inductance capacity 
L Cc 


inductance 
L 


capacity 
Cc 


resistance conductance 
r G 
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neglecting attenuation (w, = 1 ‘\/LC in electrical analog) 
while Q is related to the logarithmic decrement of attenu- 
ation, a, by 


20 (16) 


energy stored in the system 
Q = 2 ——————— he 
energy loss per cycle 


(17) 


For sufficiently high values of Q the natural frequency of 
the system closely approaches w,/27. (7) 

We are interested in power needed to maintain the sys- 
tem in oscillation at a frequency near w,/2 with corre- 
sponding instantaneous deflection x,(t) at the end of the 
reed. At w, we have the following analogous sets of equa- 
tions in which x,, pp, Vo and f, are data at the end of the 
reed: 


fo = Fino COS tw € = Imo COS wot 


. Fino mo 
Lo = COS ®, t = —— COS wl 
Po 1 


= Ving COS wol = Vino COS wol 


(where V,,. stands for the 
amplitude of velocity at the 
end of the reed) 


(where V,,o denotes ampli- | 
tude of voltage at the top 
of the tuned circuit, Fig. 4) | 


ope Vino. 
rp = J mo cos wot dt o = “sin wot 
( Wo 


mo. Vino 
sin Wol Pmo = 


Wo 





(amplitude of deflection at 
the end of the reed) 


(maximum value of flux in 


the coil L) 


Dissipated power is, by electrical analogy: 


Deflection, x(/) 


,Velocity, x(f) 


1 Deflection, 4 (f) 


4 Velocity, %o(f) 


> Voltage v,(/) 


Fig. 5—Vibrating-reed and parallel-circuit analog. The variable 
position of the force f(t) is analogous to the variable tap on 
the current source in the circuit. 


r 2 
Vino 


P =w— "6 an Vino’ 
2 2u,LQ 


since Q = (1/G)/(w,L) for a parallel tuned circuit, which 
in mechanical terms can be shown to be: 


(19) 


(20) 


(replace V,,.o/@) by Xm . and L by 1/k,). The main merit 
of the parallel analog lies in its being particularly sug- 
gestive for the consideration of the problem of variation 
of the position of applied force to the vibratory reed (see 
Fig. 5). 

The solution of the analog circuit in Fig. 5 by strictly 
circuit methods provides the answer for the value of i(t) 
or force f(t) at any given “tap” position when the end de- 
flection Ximo == Vimo/@) is known as well as the w, and QO 
of the system. We simply utilize the property of a tuned 
circuit which acts in parallel-tapped connection as an im- 
pedance transformer. For the same end-voltage amplitude 
Vino the current amplitude /,, at the tap is inversely pro- 
portional to the voltage at the tap; similarly, force at 
position R needed for the same end deflection is inversely 
proportional to the maximum deflection X,, at position R. 


Table Il—Analogous Terms in Differential Equations 


Mechanical systems | 


Force on the moving body 


di 
m- 


dt 


Torque on the rotating body| Voltage drop across the induct- 


Electrical analogs 


Current through capacitor C 


ance L 


di 
aa 


o® 
dt 


dt 


2 


d’x 
m— 


dt’ 


Restoring force 


c 
dt 


Voltage drop across the 
t capacitor C 
t 


«f 6dt 


0 
ké 


Restoring torque 


a 
oft 
dt 


Current through inductance L 








Dissipative force 


p& 
dx 


dt 
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Dissipative torque Dissipative voltage drop across 


resistor r 
ri 
dq 


ro 


dt 








Dissipative current through 
conductance G 
Gv 
‘> 


Qo— 
dt 





Incidentally, one can regard a lever as a mechanical trans- 
former since: 
large deflection 


(small force) 


time time 


é small deflection 
(large force) 


small velocity large velocit 


is equivalent to: 
(large current) 
(small current) 


(small voltage) 
(large voltage) 
for equal power transferred. 

In practical application, the parallel analog is particu- 
larly useful since engineers dealing with electromagnetic 
devices are used to thinking in terms of a tuned circuit as 
a transformer and of a pentode tube as a current source. 

The solution of the differential equations is most illus- 
trative when using the methods of transformation calculus. 
These methods are identical to those of “operational” cal- 
culus, or, for that matter, to those of “conventional” 
methods of solution of differential equations with subse- 
quent evaluation of constants from boundary conditions. 
No more extensive computations are involved. The prin- 
cipal difference lies in the physical interpretation of the 


“operator”: 
d l 
and dl 
dt s . 


While the pure concept of s as an operator is merely 
mathematically effective, the physical interpretation of 
domain s, as associated with the complex frequency 


Ja = J(w + Ja) (21) 
such that 


e e- at + jut (22) 


is physically much more suggestive. 

Full understanding and most efficient handling of cir- 
cuit analogs is possible only after thorough understanding 
of the mechanics and philosophy of Laplace transforma- 
tion and transformation calculus. (8) The concept of com- 
plex frequency is particularly well developed in some of 
the more modern textbooks on electric circuits. (5, 9) 

We shall now consider solutions of: 

do do Qo 


t ( LG { 
«9 dt aa 


@ «on +e4- it 24 
l ht + Gv 4 LJ ve (24) 


(or their analogs) for conditions of resonance to exter- 
nally impressed i(t) of single and variable frequency w/2z. 

The above two equations do not yield exactly identical 
conditions of resonance. In mechanics we may be more 
interested in “deflection” resonance than in “velocity” 
resonance: in electricity our interest in “flux” or “charge” 
resonance is not frequent (as opposed to “voltage” or 
“current” resonance). 

Integrating Eq (23) by the rules of Laplacian transfor- 
mation, we obtain steady-state transfer function 7T4(s) be- 
tween ¢(s) and /(s), where /(s) is the transform of i(t): 


o(s) _ 1/C 


T (s = — 
of ) I(s) s 


9 . i. 
t aS + Wy 


1/C 
(s — p)(s — p*) 


— a + J V Wo" es 


a conjugate of p 


Positions of p and p* in the complex plane are shown in 

Fig. 6. Positions of p and p* denote the data of free mode 

of oscillation of the system. Pa. 
Function T¢4(jw) gives the complex ratio of ¢// where 


¢@ and / are phasors rotating with angular velocity » (fre- 
quency of impressed source). Thus: 


¢ 
I 


and 
Arg T, Arg (6/1) (28) 
Similar steady state solution of Eq (24) yields the trans- 
fer function 7,(s) where: 


Ty(s) 
Ty (s) 


£ T, (s) Arg 


Vos) _ 


Ty(s 
v(s) I(s) 


ad C)s 


(32) 
(s Pp) (s — p*) 


We notice that the function 7,(s) has the same poles as 
T4(s), but also has additionally a zero at the origin (see 
Fig. 7). 


If we stipulate i(t) I] exp jot, we obtain transfer 


modulus and phase for é or V from either Eq (25) or 
Eq (32) accordingly. As a result, we can define the reso- 
nance frequency in the following ways: 

e We define the frequency of the deflection (flux or 
charge) resonance w, as a value of w such that, at o = ow», 
we have: 


¢ 
lJ 


The value of |—| can be computed as: 


| af 


I P P, | 
(See Fig. 6.) The names “deflection”, “flux” or “charge” 
resonance would of course depend on the physical mean- 
ing assigned to the equation. 
e The frequency of velocity resonance wy is a value of 
w» such that, at o = wy, we have: 
iV 
max 


and, at the same time, Arg (V/1) =0 (phase resonance). 
In our analog of Fig. 4, the velocity (also voltage) reso- 
nance occurs at w,. For very small a, (high Q) the reso- 
nant frequency approaches w, by any one of the above 
definitions, since 
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Circle of radius w» Variable restricted to imaginar 
0 9g y 


axis in $s (real frequency in w) 


y 
jw-Pp) 


- 
Ps. 


- 
p tage 
Pit (jw -; 


= 


(not conjugate of P) 


ot 
Fig. 6—Positions of p and its conjugate 
in the complex plane [Eqs (25) and (26)). 


Fig. 7—Positions of p and 
its conjugate in the complex 
plane for velocity resonance 
(Eq 32). 


Ss — p* = 2juo 


$= Jw 
Notice that there is no phase resonance in ¢# since, for 
small ay, 


and not zero. 

For qa, not negligibly small, phasors s = jw and ja — p* 
will contribute significantly since these expressions can no 
longer be represented as constant for the region of varia- 
tion of » in the vicinity of a,. 

The diagrams of Figs. 6 and 7 provide much better in- 
sight into the problem of transfer modulus and phase func- 
tions than strictly algebraic manipulations. Contributions 
of each pole and zero to the derivatives of the transfer 
modulus and phase evaluated in a normalized form will 
enable us to study their form in the case of more compli- 
cated multi-mode systems. (1/0) 

Electric circuit analog and the transform method are 
particularly well suited to multi-mode mechanical systems, 
with the requirement that the system considered be linear. 
Using this method, experimental analogs can also be easily 
constructed where the attenuation can be easier controlled 
experimentally than in a mechanical system. With well- 
established methods of solution of linear electric circuits, 
a circuit diagram could be considered a “shorthand” equi- 
valent of a system of linear differential equations. 


Systems of Several Degrees of Freedom 


The concept of degrees of freedom is well defined in 
mechanics, and for its precise definition in relation to con- 
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-onstraint to linear 
motion of Mm, 


/ 
4272~ | 
~ ’ Restoring spring 
3 
v3 am Jeo 


Fig. 8—Mechanical system of three degrees of freedom, with 
three generalized coordinates: x, = linear motion, 0, and 0, = 
angular motions. 


straints the reader is referred to a textbook in theoretical 
mechanics—for example, Goldstein. (//) 

Each degree of freedom is characterized by a single 
describing generalized coordinate, usually a linear distance 
for rectilinear motion or angle of rotation in a specific 
plane for rotary motion. Combinations of several types of 
coordinates including linear and rotational coordinates are 
admissible. Thus, a single solid body in free space may 
have its set of dynamic equations of motion expressed in 
terms of six coordinates (six degrees of freedom) corre- 
sponding to three coordinates for rectilinear motion and 
three coordinates for rotational motion. 

Motion can be constrained to less than six degrees of 
freedom per body. We also may consider systems of 
several bodies with several degrees of freedom per body. 
(12, 13) 

The system shown in Fig. 8 has three degrees of free- 
dom, evidenced by three generalized coordinates x,, 0, 
and @,. An analysis of a simpler two-degree-of-freedom 
system will be shown up to the point of formulation of 
equations to illustrate the mechanical-electrical analogy, 
which will first be discussed in more general terms. 

Electric network equations are based: 


(a) in the loop system, on Kirchhoff’s second law, which 
states that the sum of all electromotive forces (voltage 
sources) and voltage drops around each loop is equal to 
zero; 

(b) in the node system, on Kirchhoff's first law, which 
states that the sum of all current sources and resulting 
branch currents at each node is equal to zero. 


The related equations for a mechanical system are 
formed as a set of linear equations, the terms of which 
have the dimensions of forces, and involving another set 
of independent variables which are expressed as velocities. 
The equations themselves are set on the basis of D’Alem- 
bert’s principle, which states that the sum of all forces 
and all torques on each body of the system is equal to 
zero. (//) 


p imposed forces — 2 restoring forces — 
>. dissipative forces = > time derivatives of momenta 


or: 


> imposed forces = 


dissipative force + 
restoring force 
summation over —-—-—— ——— — 


3 time derivative of momentum + 


caused by the variation of each generalized 
coordinate 


The interpretation of the term after the summation sign 
on the right-hand side is that, assuming constant mass 
or moment of inertia, we form each term fj; as: 


all coordinates 


t 


1 
ly = my a of ry a; + k f dl dy (33) 
0 
The right-hand side represents the contribution to the force 
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Fig. 9—Dual networks: loop equations A (upper) and nodal 
equations B (lower) 


f, applied to the system i as a result of variation of co- 


denotes the time derivative of x;). 
occurs when: 


ordinate x, alone (x, 
The contribution f; 


Zz =0 forallr <j) 


zr = 0 
If we denote the sum of all imposed forces of the system 


i by f; we have for the overall system of n degrees of 
freedom: 


i 


J n 

' 

I \ 

ened 

J 1 

denotes an operator, deprived of physical sig- 


ty = \ ny a; (34) 


where n; 
nificance: 


‘ Lk [ lt (35) 
n + - : tf oe 
i dl r T . ‘ ) 


The expression (d/dt)i; is formed as if by multiplication 
t 


of d/dt and x,; and E dt is formed as if by multiplica- 


* 
0 


tion of {a and i;. 
/J0 


For n degrees of freedom we thus have a system of n 
linear equations: 


fi, =m %, + ry 4 
Mo, Zy + Mp2 Z, + °°> 
M4, 2) + my, + °° - 


| Mn, Ty + My? X) + 


which is written more conveniently in matrix form: 


hy 


n nn 


or (fi) = [ny] x [4] 

where i, j are “running subscripts,” [f;] and [x,] have n 
rows and one column, [n;;] has n rows and n columns for 
a system of n linear equations. Since the terms f;; and 
nj; are all functions of time, we can perform Laplace 
transformation on our equations and obtain, for a system 
initially “tat rest” (/5): 


[F.¢s)] = [Ny(s)] [2(s)] 


or, for periodic forces f; with frequency w/2z and sta- 
tionary condition, we can use symbolic method notation: 


[F,Cio)] = [NyCie)] [X,Cie)] (39) 


In the last two equations, symbols N;; cease to be mere 
operators and assume the dimensions of (force/velocity) 
which, depending on the kind of electrical analogy adopted, 
is sometimes defined as “mechanical impedance” (for 
“mesh” type analogy) and sometimes as “mechanical ad- 
mittance” (for “nodal” type analogy). 

It has now become apparent that Eqs (38) and (39) 
are in complete analogy to either: 

(a) (Vi) = [2] (4) (40) 
or: 

(b) (1, wl [V, (41) 
where the terms of the last two equations are considered 
to be functions of jw or s in symbolic or operational nota- 
tion, respectively. In analogy to Eq (38), they could also 
be considered respectively as Laplace transforms of two 
sets of equations: 


(a) 


where 


di; . : 1 ; a 
Ly dt try + C, i, dt (42) 


0 


are functions of time and represent contributions to volt- 
age drop in loop i by the current i; of the loop j alone, 
and: 

(b) {ij 
where 


[yu [vy] 


dv, 
Yy ty = Cy——+ Gyr M4 (43) 


are functions of time and represent contributions to the 
resulting outflowing current from the node i by the voltage 
v; of the node j alone. 

The equivalence of mechanical and electrical terms in 
matrices [N;;], [Z;;] and [Y;;] being considered as func- 
tions of either jw or of s is the result of the previously men- 
tioned assumption of the networks or mechanical system 
being completely at rest at ¢ = 0. In electrical networks 
this assumes all the charges, fluxes, voltages and currents 
of the networks being equal to zero at that time. In me- 
chanical systems all the deflections, velocities and forces 
are assumed zero at t = 0. Should this not be the case, the 
principle of superposition applicable to linear systems or 
the application of the rules of Laplace transformation may 
take the initial conditions into account. The rules of 
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formation of network equations in either one of the two 
forms (a) or (b) are well described in various textbooks 
on the subject and will not be repeated step by step. In 
particular, the rules of assigning proper signs to terms 
are particularly important and defined by rigid rules which 
are easy to master at the cost of some effort. This fact, as 
mentioned before, makes the electric circuit a convenient 
analog tool. 

The duality of the electric analog approach may be 
better grasped if we realize that we can construct two dif- 
ferent electric networks A and B such that the set of nodal 
equations of B will be analogous to the set of mesh equa- 
tions of A. Such networks, as mentioned before, are called 
duals of each other, the duality being a case of analogy 
within the same branch of physical phenomena (elec- 
tricity). 

We have already considered a very simple case of duality 
(in the example of the vibrating reed of Fig. 3). (16, 17) 
In order to illustrate its generality, we shall now consider 
a more complicated example in Fig. 9. 

The procedure of formation of a dual network B (nodal 
equations) to a network A (loop equations) is as follows: 
in network A we have five independent loops represented 
by equations in the form 


[Vi] = [Zy] (4) (44) 


The loops are numbered, current arrows and directions of 
voltage sources marked (all currents marked clockwise). 
Convention of signs can be followed from the following 
listing of terms (exterior of all meshes is marked as “mesh 
0”) : 

V, = E, —Ep V, = —& 

V, = —Ep V, = Es + Ec 

V; Ep (45) 
We form the matrix [Z;;] of elements [Z;,;] considered as 
functions of s. [See Eq (46) at bottom of page.] 


Next we draw the node-analog network B by the fol- 
lowing rules: 


(1) Appoint the reference node 0 and five nodes numbered 
1, 2, 3, 4, 5. We assume voltages at nodes to be: 


[Zy] ” 


— ' ' 1 
Zi, =(\ruri|+s\L.4/ +5 


a 
siC,, 


Zi. = 


OR alae 1 
Z33 =|rs3|+8|Ls3 " 


[ Vi] = 
Vs 


with positive references at node i, negative at the reference 
node 0. 

(2) Draw one current source for each voltage source. It 
voltage source borders between mesh i and the exterior of 
the network (mesh 0), the current source in the dual is con- 
nected between the reference node and node i. The arrow of 
the current source in network B is toward node i if the cor- 
responding voltage source in network A has the direction in 
agreement with the arrow of the current, /;. If the correspond- 
ing voltage source in network A borders the meshes i and j, 
the current source in B is connected between nodes i and 
j using the arrow direction convention as above. 

(3) For each element connected in series between meshes 
i and j in A, there is an element connected in parallel in B 
between nodes i and j. Mesh 0 and the reference node also 
labelled 0 participate in this rule as in the case of sources just 
described. The elements are exchanged on the basis of the fol- 
lowing rules of correspondence: 


for each | ray| in A, draw Gy in B 
for each s| Ly| in A, draw s|C,| in B 


1 ] 
for each —— in A, draw ——— in B 
s|Cy] §|hy| 


Examples pertaining to Fig. 9: 


(1) Elements E, F and G in A lie between meshes 1 and 2 
and are connected in series. Corresponding elements E, F and 
G in B lie between nodes 1 and 2 connected in parallel. 

(2) Voltage source E, lies between meshes 2 and 5 in A 
“aiding” 7, and “opposing” /,. Corresponding source /, in B 
lies between nodes 2 and 5 and is directed toward node 5. 

(3) The value of-element R is 1/s|C,,| ohms in A. The 
value of the same element R in B is 1/s|L,,| mho, the numbers 
1/s|C,,| and 1/s|L,,| being identical when L,, is in henries and 
C;, is in farads. 

Elements drawn in Fig. 9 are not labelled to avoid 
crowding the drawing—their character is shown by appro- 
priate circuit symbols. The convention of signs is evidenced 


by the use of bars denoting the absolute values of element 
data. The element data are always positive for elements 


Eq (46) 


| | 
{ —\Fss| 
Zu =4 
| Tn || 34> 
s|C35}| 
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of a given character: they should therefore be distinguished 
from the corresponding parts of coefficients Z,;; and Yj;;, 
which can be positive or negative depending on circuit 
conventions. We notice that if we assume clockwise arrows 
of all currents in the meshes in A and positive voltages 
at all nodes (with respect to reference) in B, we will have 
all the coefficients Z;; and Y ;; positive if i j (in diagonal 
terms) and negative when i ~# j. Values (r;;|, L and 
C,,! for i # j pertain in A to elements bordering the 
meshes i and j. 

Values |G;,|, |L;;| and |C;,| for i j in B pertain to 
elements connecting nodes i and j. In network A the values 
r,,|, |\L,,| and |C,,| represent, respectively, the equivalent 
resistance, inductance and capacity of all elements con- 
nected in series in mesh i. In network B the values |G;;\, 
L,,| and |C,;| denote, respectively, the equivalent con- 
ductance, inductance and capacity of all elements joining 
the node i when connected in parallel. 

Thus, we can now form: 


[1¢s)] = [Yy(s)] [V9] 
and show its analogy to Eq (46). We have: 


[See.Eq (49) at bottom of page.] 

Reverting now to mechanical Eqs (38), we can readily 
formulate an analog either in the form of a network [Z;;] 
or in the form of its dual network [Y;;]. Mechanical or 
analog equations of this general form may also serve to 
establish a transfer function corresponding to our particular 
interest by providing a suitable solution using Cramer’s 
rule. (/8) 


From experience, references and specific example in 
Fig. 9, we know that in the case of problems pertaining to 
the solution of networks, sets of equations such as Eq (44) 
or Eq (47) can be written down by direct inspection, once 
the network is stipulated and the applicable rules mastered. 
As discussed before, it is entirely possible to conduct a 
similar inspection by means of D’Alembert’s principle in 
the case of a mechanical problem. However, it is more 
convenient to resort to Lagrange equations. (/9) The 
practical significance of Lagrange equations is considei- 
able, in that systems of mechanical equations such as Eq 
(38) may in general be derived with their aid easier and 
with less likelihood of mistakes than by means of D’Alem- 
bert’s rule. 

Lagrange’s equations relate the total energy of the system 
to its generalized coordinates and result in n linear 
equations describing the system (where n is the applicable 
number of degrees of freedom). We shall not derive the 
Lagrange equations here, but, prior to the consideration 
of a specific example, will demonstrate in a general fashion 
their equivalence with the equations resulting from D’Alem- 
bert’s rule. This will lead to the conclusion that we could 
also formulate electric network equations from Lagrange’s 
equations. This last conclusion is a perfectly correct one 

but the fact that the formulation is simpler by direct 
inspection demonstrates once again the superior clarity of 
the “stenography” of electric networks when stipulating 


linear system problems. 
For linear dissipative systems with imposed external 
forces, the Lagrange equations take the form: 


ef aA aF 
(T —U)} -- +4 (50) 


dl Oxy I Ox, 


The running subscript i varies from 1 to n; thus, we obtain 
n equations. 
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In Eq (SO): 

T = kinetic energy, or its analog, for the entire system 
U = potential energy, or its analog, for the entire system 
F = one-half of the rate of dissipation of energy 

J; = externally applied force to system 


zr, = t-th generalized coordinate 


The functions 7, U and F are assumed to be mathe- 
matically expressed as functions of x; and x; only. Partial 
differentiation is understood explicitly with respect to x; 
or x; alone, as indicated in Eq (50); i.e., disregarding the 
fact that both these variables—and in consequence T, U 
and F—are functions of time. 

Since our three analogous sets of Equations (34), (42), 
and (43) are exactly alike, we will follow our further 
reasoning using only one of these—namely Eq (42). Thus 
Lagrange’s equations for the mesh-type electrical system 


are: 
d 0 (T ; . - U) 4 oF (51) 
"e dt Ou . Ou 2s 


for all values of i. 


In Eq (51): 


T = magnetic energy stored in all coils 

U = electric energy stored in all capacitors 

2F = rate of energy dissipation from the system into forms of 
energy other than electrical, such as heat or radiation 


Recalling that: 
t 


add) fia 


we will prove the equivalence of mesh equations and La- 
grange’s equations by the use of quadratic forms. (20, 2/) 
In every equation: 


U1 = 2 a i lt) es zy +: 


*+2nt, (52) 


Let us multiply both sides by i;, obtaining in every equa- 
tion: 


j=n j=n j=n P 
d oe l 

tig = i, \ Ly iy + tj \ ryt) + i; \ G f i, dt (53) 

bored i fod ‘i 

1 to j=1 al 


The left hand side represents the instantaneous power sup- 
plied to loop i, while the terms on the right hand side 
represent, respectively, rates of increase of energies stored 
in coils, dissipated in resistances, and stored in capacitors. 

Let us make the summation of all Equations (53) for 
indices i varying from unity to n and obtain: 


nj 
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qj 
If the mesh equations and Lagrange’s equations are 
equivalent, we should be able to: 
(1) Integrate Eq (55) and obtain T. 
(2) Integrate Eq (57) and obtain U. 
(3) Divide Eq (56) by two and obtain F. 
(4) Execute operations stipulated by Eq (51) and ob- 
tain original equation Eq (53) for v; by individual 
manipulations yielding: 


d ( o } oT 
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In view of 


ssa j= 
aon ais ; 
7 = 9 bi > Ly uy yy (63) 
t=1j=1 


Equation (63) represents the function T in a form in 
which q; is not involved explicitly. Similarly integrating 
Eq (55) by parts, we obtain another equation for T in 
which both q; and i; are involved explicitly. Whichever 
form we use to perform the operation of Eq (58), the 
result is the same in agreement with that equation. The 
alternative form for T is: 
tos feos 

| | 
T = > Lyat — 4g (64) 
ai ; 
t lJ 1 


By a very similar integration process, we obtain 
t=n 
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where i, are not involved explicitly and 


1 n n 
l 
I \ \ C (44; “dy (66) 
SS ee |) 


t 1 1 
where both /; and q, are involved explicitly. Using one of 
the above two forms, Eq (59) can be checked. Equation 
(60) is easy to verify. The discussed energy functions and 
their significance in modern network theory are topics 
covered at length in newer textbooks by Guillemin, Bala- 
banian, Tuttle and others. (22, 23, 24) 


A System of Two Degrees of Freedom 


Consider a twin-reed system equivalent to the two-natural 
mode electric circuit, Fig. 10. The analogous electrical 
and mechanical values pertaining to this example are: 


t voltage, Node 1 velocity, end of first 
reed 

flux, first coil deflection, end of first 
reed 


capac ity mass, first reed 


inductance compliance, 
first reed 
inductance compliance, 


second reed 


voltage Node = velocity, end of se ond 
reed 
conductance, 
Node 1 coefficient of damping, 
first reed 
conductance, 
Node 2 coeflicient of damping, 
second reed 
capacity second reed mass 
sum of fluxes, 
both coils deflection, end of 
Ser ond reed 
forcing current, 
Node 1 applied force, end of 
first reed iO 
forcing current, 
Node 2 applied force, end of 
second reed fib 
The electric circuit analog can be solved by means of 
circuit equations; in the case represented in Fig. 10, by 
nodal equations. The mechanical system is usually solved 
by means of Lagrange equations. We shall demonstrate 
that the two systems are equivalent. 
We shall use the Lagrange equation system for dissi- 
pative systems with external force applied: 


d De : ee : oF 
Exar (7 =47) 4-— 
dt| dz, or; Or, 


where 


T = kinetic energy or its analog 

= potential 

F = one half of dissipated power function 
f 
z, = deflection of r-th system used explicitly in energy equa- 
tions 


externally applied force 


Zz, = derivative of this deflection when used explicitly in energy 
equations 


running subscript of the degree of freedom 


We shall use the following method: 


1. We shall state the functions JT, U and F not in terms of 
mechanical data, but in terms of their electrical analogs. 

2. Then we shall form the nodal equations of the equivalent 
electrical circuit shown. 

3. As the last step we shall use the Lagrange equations operat- 
ing on established functions T, U and F and demonstrate that 
they lead to the same circuit equations. 


Step 1: 


p 


Therefore, 


(72 


Node equations are written in terms of the first law of 
Kirchhoff and, for the system with two degrees of freedom 
(two independent nodes), are in the form 


1, b, 


where terms f,, and ¢,, are generated by setting v, 0 
(corresponds to z# 0), while terms ¢,, and ¢,. are 
formed by setting v, 0 (corresponds to 7, = 0). 


Step 2: In electrical terms in operational form: 


a ME ok i+(-)y 
1 : 
I, = sL, V 


and, upon integration and differentiation: 


_ do; 


+ Gyr, 


Step 3: We formulate the Lagrange equations and verify 
the identity as demonstrated in the tabulation on the facing 
page (right). 

We have previously demonstrated that parallel analog 
is more convenient for the mechanical system of Fig. 10. 
However, im order to illustrate the principle of duality in 
application to a mechanical analog problem of an example 
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of more than one degree of freedom, let us consider the 
dual of electrical parallel analog, Fig. 10. Its dual, together 
with functions T, U and F as well as applicable circuit 
equations in mesh form, is shown in Fig. 11. 

The reader will notice that all the rules of duality as 
previously outlined apply to this circuit (lower circuit in 
Fig. 11). It is also interesting to note that in a case of a 
nodal analog, energies stored in capacitors play the role of 
kinetic energies of mechanics while coil energies are parts 
of potential energy. The reverse is true in the case of a mesh 
analog, such as the one shown in lower part of Fig. 11. 


. 


Fig. 1O—A twin-reed mechanical system and its circuit analog. 


> Network equations 
} 


“3 


Fig. 11—Circuit analog of twin-reed system and its dual mesh 
circuit (lower). 


® Operation of Lagrange equation: 
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(v,; analogous to %,; ¢,; analogous to z,) 


® Operation of Lagrange equation: 


0 0 
—(T — v| -- (T — U)+—F 
2 Oo2 +1 


Ov, 


Systems with Distributed Constants 


Electrical analogs lend themselves well to the considera- 
tion of oscillations of mechanical systems with distributed 
constants such as vibrating strings, bars and the like. In 
these cases the type of analogy based on nodal equations 
is clearly superior since the simplest mechanical system, 
a vibrating string, corresponds to a long, uniform electric 
line and mechanical clamping is suggestively represented by 
electrical short circuit. 

This analogy is represented by Fig. 12. The partial dif- 
ferential equation for the string is 


ay a ay (75) 
ar? or OF ai 
where y is the transverse displacement of the string, x de- 
notes the distance along the string, f is time, o is mass per 
unit length, and + axial tension. 
We wish to write this equation in terms of velocity 
rather than deflection: 


ay oO y x 
— (76) 


ox r al 
and differentiate with respect to time once again: 


vy « ay a 
- . aes ‘ 7) 
or r ot 

Equation (77) is analogous to the long-line equation: 


av = av eS 
eat 5p “— 


which can be verified by consulting a reference on long- 
line theory. (25) 

In Eq (78), x is the distance along the line and L, and 
C, are the inductance and capacitance of the line per 
unit length. The above analogy is without consideration 
of energy dissipation. In our analogy a small amount of 
damping should properly be represented by conductance 
between the conductors of the line, representing loss cur- 
rent proportional to voltage. 

If the value of loss is small, the shape of the voltage as 
function of either position or time will not be substantially 
affected by the fact that the loss is represented by a lumped 
conductance which may be connected in parallel at any 
position on the line. The value of the conductance should 
be such as to represent correctly the actual Q of the line. 
Incidentally, it is easier to measure either Q or the log- 
arithmic decrement of attenuation of the resonant struc- 
ture a) == w,/2Q by a direct experiment than to measure 
directly either p,, the viscous damping of a string per unit 
length, or G,, the conductance per unit length of a long 
electric line. 


® Result: 


Osi 
F 


Ov; 


| 





(v, analogous to %,; therefore, ¢, 4 , analogous to r, (sum of two deflections). 
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An advantage of representing resonant structures by 
electrical analogs is that various design factors, particularly 
the values of Q and a,, are easier to manipulate experi- 
mentally in electrical circuits, lumped or distributed, than 
in mechanical structures. As mentioned, the problem of 
vibration of strings and thin rods lends itself particularly 
well to representation by long lines in nodal analog. We 
readily visualize long lines with series-connected induc- 
tance per unit length and parallel connected capacity per 
unit length in the form of “Lecher wires,” concentric 
cables, and strip lines and we could conceivably imagine 
wave filters with series-connected capacity and parallel- 
connected inductance. Olson cites examples of such struc- 
tures. (26) 

Figure 12 shows the analogy of the oscillating string to 
the long line of uniformly distributed constants. The ana- 


logous data are: 


Quantity Corresponding to 


Mass per unit length Capacity per unit length 
Inductance per unit 


Inverse of axial force length 


Applied force Applied current source 


Viscous coeflicient per Conductance per unit 

unit length length 

Conductance 
(lumped) 


Viscous coeflicient 
(lumped) 


Characteristic 


impedance 


\ 


There are many references treating the subjects of long 
lines and distributed circuits; the cited relations are quoted 
from a standard text. (27) 

A highly resonant uniform electric line with low attenu- 
ation (low G,) will behave as a lossless line with conduc- 
tance 


pal ia 
' 9 
Zz, 


where 1 
= (Zo (80) 


connected in parallel at a point of maximum voltage. The 
Q value of such a resonant line is: 


0 6 mn (81 
é 
la «2G, Z, ) 


2 


Fig. 12—Vibrating-string mechanical system and its long, 
form electric line analog. 
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where B=wV LC, (82) 
w, being the frequency of this particular resonant mode. 

Of considerable importance to the subject of circuits of 
distributed constants is the fact that at, and in close vicin- 
ity to, the frequency w, of any specific resonant mode a 
resonant line can be represented as a lumped circuit, one 
tuned circuit representing one \/4-resonant sector of the 
line. Sketches representing several lumped-circuit analogs 
for various oscillatory modes of uniform lines are shown 
in Figs. 13 and 14. 


Fig. 13—Vibrating-string systems and their analog circuits for 
n 1 (upper) and n = 2 (lower). Near resonance for any par- 
ticular mode, the long-line analog can be represented as a 
lumped circuit, as shown. . 


Fig. 14—Vibrating-string system and analog circuits for n = 4. 
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Frequently in a mechanical vibratory system we can 
determine in advance in which particular mode we are 
interested and consider an analog of this particular mode 
in the form of a lumped circuit. Forces (currents) driving 
the system at a different point than that corresponding to 
the maximum of velocity (voltage) can be replaced by 
equivalent forces (currents) at any velocity (voltage) 
maximum modified in the ratio of velocities (voltages) as 
this was discussed in our first example of the vibrating 
reed. Here again, we take advantage of the transformer- 
like action of the tuned circuit. 

For a better visualization of this particular type of 
analog and in order to approximate better the variation of 
amplitude of deflection and of velocity (voltage) as a 
function of position, always for a single chosen oscillatory 
mode, we could picture the inductance of the electric 
analog as being distributed non-uniformly along the co- 
ordinate of the distance. The function L,(x) (inductance 
per unit length as function of position) should fit the 
known character of the curve Y(x), Fig. 15, or that of the 
voltage-velocity analog, V(x). The curves Y(x) and V(x) 
are of the same shape; these symbols represent amplitudes 
as functions of position; therefore, Y and V are not func- 
tions of time. Thus, in terms of the electric analog, we 
should fit: 


T 


Tx f L,(2)dr = V(2) (83) 


0 


(see Fig. 15) where / — amplitude of resonant current. 

In this type of analog, which might still be considered 
a lumped circuit, since there is no distributed capacitance 
assumed, we would have the advantage of representing 
accurately the curve V(x) as a function of position. This 
approach is thought of importance in consideration of 
certain mechanical systems where the mode of vibration 
and the type of deflection curve Y(x) can be predicted in 
advance, a fairly frequent occurrence. 

For example, let us assume, following Timoshenko (28), 
that the vibrating reed pictured in Fig. 15 displays a de- 
flection amplitude curve according to the equation: 


pay See een gs = (84) 
oS’. ££ aes l 


It is rigidly fixed at one end, so that V = 0 and dV /dz 

- 0 at x = 0. In Eq (84), the symbol y, denotes the 
value of the maximum deflection at the end of the reed. 
If we call x the normalized distance from the fixed end, 
we obtain upon differentiation with respect to time the 
equation pertaining to the distribution of the amplitude 
of velocity (voltage) : 


rs 1 4 1 ~ i 
Viz) = Vu} —- 3 + 3 z+ 3 (1 — 7) (85) 


It is easy to check from Eq (85) that: 


1V 
V(0O) =0 and |. 2 | 
dr 


r=0 


From Eq (85) we also derive the equation stipulating 
the distribution of inductance if the reed is to be simulated 
by a line of total length 1. We have: 


Vo = wolLy 
i 

where Ly = f L(x)dz 

dV 1 


= SS - 
-_— oo. 


Fig. 15—Vibrating-reed mechanical system and circuit analog 
in which inductance is distributed non-uniformly to simulate 
the characteristics of the reed. 
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If the reed is considered weightless, the system has only 
one oscillatory mode, the frequency of which is 1/\/L,C. 

If the distributed mass is taken into account, the system 
can be represented as a long line with varying character- 
istic impedance (as function of x) and with large lumped 
capacity at the end of the long line, short circuited at 
x == 0. Such a system has theoretically an infinity of 
modes, with only a few of lowest-resonant frequencies 
being of practical importance. The frequencies of the 
modes are not harmonically related to one another and 
can be found by approximate numerical methods and by 
graphical plots. 

In this example, higher modes can also be represented by 
means of “lumped” analogies, as is shown in a qualitative 
manner in Fig. 16. Similar examples could be contrived 
with relation to torsional vibrations of shafts and systems 


+ + 


Fig. 16—For vibrating-reed mechanical system, the long-line 
circuit analog can be represented by lumped-parameter circuits 
for various resonant modes. 
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composed of shafts and elements with large moments of 
inertia. 


Analogs of Active Systems 


The vibratory mechanical systems so far considered all 
fall into a class which can be represented by passive elec- 
trical analogs. The terms “active” and “passive” may apply 
equally well to a mechanical, electrical or electromechani- 
cal system. 

Passive electric networks are composed of elements R, 
L, and C in various combinations and only of such sources 
of voltage and current as may be externally imposed in 
a mutually independent manner. There is, however, a mul- 
tiplicity of systems which may be described by active elec- 
trical analogs. 

Somewhat loosely, one might define an “active” system as 
one which is capable of amplifying power associated with 
a transmitted signal. To be a little more precise, we can 
qualify the concept of “signal transmission.” By a source 
of signal we mean an external source of force, velocity, 
current or voltage. We impose one or more such sources 
and observe the response of the system in terms of one of 
these four values. If all the sources are comp etely inde- 
pendent there will obviously be no more energy stored in 
the system or passed through it than was supplied from the 
sources. Such a system, excluding the sources, is obviously 
a passive one. 

We can, however, have a type of system in which we 
would include sources of energy which deliver additional 
“signals” but in a manner related to the “independent” 
signals externally imposed. In our analog circuits we will 
mark such sources by the same symbols of voltage or cur- 
rent sources with suitable designations of their value as de- 
pendent on other voltages and currents. A system con- 
taining dependent sources, and as a result capable of in- 
creasing the power of impressed signals, will be called 
an active system. Our electric circuit “shorthand” pro- 
vides no information as to where the additional power 
comes from before it is supplied by the “dependent” source. 

A vacuum-tube amplifier with its dependent source of 
voltage or current is a most common example of an active 
network. In recent literature on network theory there is 
evidence of the recognition of the important conceptual 
role of the dependent source, also called “controlled” 
source. (29) In linear systems the dependent sources of 
signals contribute signals assumed to be linearly related to 
the independent “imposed” sources. 

A typical mechanical servo system, as illustrated in Fig. 
17, is an active system since “power gain” is involved 
which, it will be demonstrated, is derived from dependent 
sources of mechanical or electrical power. Servo systems 
constitute a common example of active systems. Usually 
they are of an electromechanical nature. Much can be 
gained in grasping their principles easily by representing 
them in the form of purely electrical analogs. 

The analog presentation is aimed at the formation of 
transfer-function “blocks” or signal-flow graphs, but a 
formulation of a purely electrical network analog is a 
useful preliminary to either method. (8, 30) 

We shall now point out an important difference between 
network equations of an active network and passive net- 
work equations, such as Eqs (40) or (41). Although we 
will use the nodal form, network equations in either form 
are also applicable to active networks, but the equality 
of terms y;; == y;; no longer applies if on the left-hand 
side we wish to retain only the independent sources. Let us 
start from a set of nodal equations evidencing first all 
sources, dependent and independent, on the left-hand side. 
For example, let us observe two nodal equations: 


y= O1Y¥n tooo +O t+ os + Oy + °°? + Oren 
(87) 
y= OY Hes + yy + es + Oy +--+ + ORY gn 


and let i; be a linear combination of other currents such 


that 
i, = S hi (88) 
heal 


r 


where r (replacing index i) can assume a few selected 
values. 
We then obtain: 


1 n 
\ | kyl, S' k, > PiYrt 
; a — 


r 1 


a \ yriky ¥ Vy (90) 


Thus: 


Tr 


For example, for three independent nodes (degrees of 
freedom) : 

| Mu 7 ¥13 1} 

| Yo / 3 | X | % (91) 


¥31 


and, if i; = ki; + Ri, (92) 
we obtain, on representing the network in terms of inde- 
pendent signals i, and i, and of coefficients [y;;]: 


12 ¥13 | ‘ 
Y21 ¥22 ¥23 | 
5 -— YR — York v32 —Y12ky —Ya2k2 v3; -91 sky —Yosky)4J 
(93) 


from which it is evident that y,;; ~ yj;j- 

We would arrive at a similar conclusion if the signal 
current i, were a linear function of some of the voltages 
V,, Vo Vs Or of some of the currents i,, i, and voltages 
v,, Vo, V, jointly. A similar type of proof could easily be 
provided in such a case. 

The outlined difference in formulation of equations 
of an active network is equally valid for a system of 
mechanical equations or for a mixed mechanical and 
electrical system, but it introduces no new elements to 
the analog procedure. Thus an electromechanical system 
can be replaced by a purely electrical one with no greater 
difficulty than careful attention to the adopted system of 
units. 

We can now use the properties of linear four-poles 
(two terminal-pair networks) to establish the transfer 
function of the entire system. This is a very natural de- 
velopment where the system aims at the processing of a 
single imposed signal. We simply single out a pair of 
terminals to which such signal is applied and another 
one where the resultant processed signal appears. All 
the dependent sources will be included in the four-pole, 
which is an active one. The resultant equations, after 
solution of matrix equations, appear in the four-pole form: 

‘ee | = p Yu Yio | 
LI, LY;, Y22 4 i (94) 

The most convenient form of the above is the one ob- 

tained after Laplace transformation. (3/) 


For a given load admittance Y,, if excluded from the 
four-pole, we can establish the transfer function by solv- 
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ing Eq (94) for the desired ratio V.(s)//,(s), 1.(s)/1,(s), 
V.(s)/V,(s) or I,(s)/V,(s) (as the case may be) by 
using the additional equation: 

, I,(s) 

“= V,(s) 
(for J, defined as toward the four-pole). 

In some mechanical systems the concept of load is not 

quite clear; therefore, we may elect to keep all the ele- 
ments inside the four-pole, in which case the outgoing 
terminal pair “2” will appear either short-circuited or 
open-circuited (depending on whether /, or V. is of in- 
terest) and the transformed equations will appear in the 
form of either: 


(95) 


Fe) aa f 

Nod § LVS 
xf %] 
Y2, 4 L od 


(96) 


(97) 


One of the above transfer functions may then easily 
be derived by the solution of Eq (96) or Eq (97). (Re- 
call that terms Y;; are all functions of s in these equa- 
tions. ) 

Let us now consider two examples pertaining to servo- 
mechanisms. From the definition of the active system 
just outlined, it becomes apparent that the term “servo- 
mechanism” and “active system” are almost synonymous, 
an amplifier being a sort of purely electrical servomechan- 
ism. Let us first examine a purely electrical active analog 
of a simplified servo system as shown in Fig. 17. 

The system is electromechanical and operates as fol- 
lows: the input shaft (extreme left in Fig. 17) can be 
turned without imposition of significant torque, moment 
of inertia and friction assumed negligible. The motor 
which turns the load shaft to angular position @, is op- 
erated electrically from the voltage which is developed by 
analog comparison of 6, and §@,—for example, by a 
synchro system. Its value is proportional to (8, — @,). 
This voltage is further amplified and imposed on the arma- 
ture of the motor to cause it to rotate in such a direction 
as to reduce the difference (0, — 6.). Figure 18 shows 
the development of the purely electrical analog of this 
example. 

In this diagram, electrical values are frequently re- 
placed by the designation of their mechanical equivalents 
(in parentheses) on the basis of “current-torque and 
voltage-velocity” analogy. This kind of analogy obviously 
requires a prior convention on units. In composing elec- 
trical analog circuits we should be careful as far as units 
are concerned, particularly where operations such as in- 
tegration are performed. Integration of 6 results in 6, 
while integration of voltage results in units of flux. An 
integrating network actuated by a curve of voltage pro- 
duces an integrated curve in the scale of voltage although 
numerically it represents @ as a function of time. If the 
integrated result is to be used in equations pertaining 
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Fig. 17—An electromechanical servo system. 


to other parts of the analog circuit, the dimensions should 
fit accordingly. We use here the strategem of denoting 
the Laplace transform of the integrated curve in the scale 
of voltages by @w, where @ is equal to unity but carries 
the dimension of angular frequency. This expression in 
this manner has the same dimension as s6@, which is the 
Laplace transform of 6 (the dimension of s is angular 
frequency). The “operational” form of labelling the sym- 
bols of equivalent networks is a convenient one because 
of the easy formulation of transfer functions from this 
form. In the majority of practical cases we can assume 
the network to be “at rest,” except for evident sources— 
i.e., With zero initial conditions. This allows the direct 
determination of the transfer functions from the network 
designations. Initial conditions can be replaced by suitable 
source symbols, as described, for example, by Aseltine. 
(32) 

Revert to Fig. 18 and observe how the system of Fig. 17 
is represented by means of a purely electrical analog by 
making extensive use of the concept of dependent source. 
We treat s@, as an applied voltage (extreme left of Fig. 
18) to Port 1. The synchro is represented as a block in- 
tegrating s0, to 0,0, s@, to 0,0, both 6,0 and 6,0 being 
shown as dependent voltage sources connected in opposi- 
tion so that (8, — 6,)@ is obtained at the output from 
this block. The amplifier which follows is shown as a 
unilateral device of no internal impedance which produces 
the voltage k,(6, — 0,)@ at the output, the proportionality 
coefficient k, being of considerable magnitude. The “mo- 
tor” block which follows is shown in the form of two 
separate circuits. The extreme right represents the me- 
chanical part in the form of its own equivalent circuit 
containing only the moment of inertia and coefficient of 
viscous loss of the motor, as well as the torque 7,, of 
the motor represented as a dependent source of value k,/, 
where / is the current in the armature of the motor. The 
value of 6, in the form of its Laplace transform s6, is 
transmitted to the “synchro” block. 

The second part of the motor “block” represents the 
circuit of the armature with its resistance and inductance 
and also the counter-electromotive force proportional to 
s6,. By solution of the equivalent network in Fig. 18, we 
arrive at the two possible equivalent four-pole represen- 
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Fig. 18—Electrical analog of servo system of Fig. 
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tations shown in Fig. 19 and find that the discussed 
system is represented by an active unilateral electric net- 
work. The two possible representations of the output part, 
as shown in Fig. 19, follow the principles of Thevenin’s 


and Norton’s theorems. 


Fig. 19—Four-pole representation of servo system of Fig. 17, 
hased on Thevenin’s theorem (upper) and Norton’s (lower). 


Fig. 20—Example of bilateral-active servo system. 
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Fig. 21—Correspondence of mechanical shafts of the servo 
system (Fig. 20) to the ports of a circuit analog. 
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A more complicated “torque-reflecting” servo system is 
shown in Fig. 20. The purpose of this system is for the 
applied torque at the primary shaft to “feel” the opposing 
torque generated by a motor, which torque would be com- 
mensurate with the opposing torque offered by the load 
at the secondary shaft. The “primary” and “secondary” 
mechanical shafts correspond to the two “ports” of the 
electrical analog as shown in Fig. 21. Accordingly, we 
label 7, the torque imposed on Shaft 1, which would 
produce total angle of rotation @,, and we denote by T, 
the torque imposed on the second shaft in such a direction 
as to cause positive @,. Referring to the diagram of the 
entire system, Fig. 20, Shaft 2 is driven by two motors 
while the torque 7,,, is supplied by one motor in the di- 
rection opposite to the applied torque 7,. All three motors 
are identical and are characterized by the moment of 
inertia J and viscous coefficient p. 

The electromotive force in the armature of Motor 1 
helps the external voltage since the torque of that motor 
opposes the rotary motion of Shaft 1. The electromotive 
forces in armatures of Motors 2 act in the conventional 
direction. 

The following symbols will be used in the equations 
describing this system: 

ky = coefficient of proportionality, motor torque to current in 

the armature 

+ = L/r = time constant of delay caused by the armature 

inductance, L 

r = armature resistance 

Figure 21 emphasizes the most general analogy be- 
tween the electromechanical system with input shaft (1) 
and output shaft (2) and the four-pole presentation of 
purely electrical analog with Ports 1 and 2. In this pres- 
entation the load is not included in the four-pole, neither 
is it shown in the electromechanical schematic of Fig. 21. 


The convention of arrows of currents and torques, di- 
rections of voltages and angular velocities and signs of 
resulting four-pole terms has to be followed carefully: 
again, the electrical analog proves of assistance in this 


respect. In electrical four-pole notation, /, and /, are 
marked toward the four-pole and in the direction which 
would cause directions of voltages as marked at the term- 
inals. Thus, in the case of passive load at Port 2 outside 
the four-pole, the sign of /. would be negative. Similarly, 
torques 7, and T,, are positive if applied externally so as 
to cause rotations in the direction of positive 6, and 6., 
respectively. If there is a load on Shaft 2 but no ex- 
ternally imposed torque, the obtained torque T, will have 
a negative value. 

The all-electrical analog of the system is shown in Fig. 
22 which is drawn in the form clearly showing Ports 1 
and 2 and showing torques 7, and 7., as externally im- 
posed currents. All three motors employed are assumed 
to be identical and they are therefore characterized by 
the same values of coefficients k, and k,. Other circuit 
details were discussed in connection with the previous ex- 
ample of a system similar but unilateral, Fig. 18. The 
transformer in the armature supply of Motor 1 is so 
arranged as to provide current / in the armature. The 
torque of the first motor is: 

Tw kyl (98) 
The joint torque of the two motors driving the second 
shaft is: 

Tw, = 2hel (99) 
since it results from two motors each of torque k,/. We 
assign arrows to currents representing T,,, and Ty. (de- 
pendent sources located within the limits of the four-pole) 
in a manner which would result in the increase of ex- 
ternally applied current T, by Ty, and in the decrease of 
externally applied current T, by 7y.. Thus, if the sec- 
ondary load is passive, T,,. would cause the same direction 
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Fig. 22—Circuit analog of the system of Fig. 20. 


of voltage at Port 2 and it would also cause T., to be of a 
negative value. The action of a synchro amplifier which 
generates voltage applied to all motors is denoted sche- 
matically in a fashion identical to that in the previous 
example. 

In the solution of our circuit we shall use the notations 
of torques 7, and 7, as if they were currents and notations 
sO, and s@., (transforms of 6, and 6,) as if they were volt- 
ages. For a general four-pole we shall expect the result 


in the form: 
Tr Y; Via dined 
Crd-ty wl*CS] 
In Eq (100) above, all terms Y;; have the dimensions of 
admittance. Accordingly, all the circuit elements in Fig. 
22, whether equivalent to mechanical elements or purely 
electrical, are labelled operationally in terms of admit- 
tances. The general linear four-pole of the type in Eq 
(100) may be shown schematically as composed of two 
admittance “boxes”, Y,, and Y.., connected between 
Ports 1 and 2, respectively, and two dependent current 
sources Y,.s@, and Y.,s0, between the same two ports, as 
shown in Fig. 23 (boxes Y,, and Y.. are shown by inter- 
rupted lines). The schematic representation of a four-pole 
is generally well known and has been especially well pub- 
licized in connection with transistor circuit theory. 

This sort of schematic representation is valid for all 
four-poles, passive as well as active. The passive four-poles 
are characterized by the property Y,, Y.,; in active 
four-poles, Y,, *~ Yo. 

Equation (100) provides full information about the 
four-pole in that: 


(100) 


Ys s6, = 0 (Port 2 short-circuited) 


s6, = 0 (Port 1 short-circuited) 


s6, = 0 (Port 2 short-circuited) 


T 


ss for s6, = 0 (Port 2 short-circuited) 
89 


1 


All four coefficients are, of course, functions of s. A 
short-circuited port is equivalent to a motionless (station- 
ary) shaft in our mechanical system. From the equivalent 
network data of Fig. 22 we evaluate the four-pole coeffi- 
cients for our system in the following steps: 

We have from Kirchhoff’s first law and Fig. 22: 
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Fig. 23—System of Fig. 22 in four-pole schematic. 


T; = Tm + SO; (sJ + p) 


T, = —Ty2 + 280, (sJ + p) (101) 


We will have no difficulty in expressing Ty, and Ty, as 
functions of s@, and sé, since they both depend on the 
current, 7, which may in turn be obtained from the mesh 
energized by the synchro-amplifier. Simple solution of this 


mesh yields: 
k 
(sa +s ) 
9 2 


bd _ as 2(Raw + sky) 
3rrs (s + 1/r) 


- — 80, 102 
3rrs(s + 1/r wa ( ) 


Substituting Eq (102) into Eqs (98) and (99) and the 
thus-obtained values of Ty, and Ty. into Eq (101), we 
obtain, after some purely algebraic transformations: 
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kek, — - + 2(sJ + p)| 80, (103) 
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Assuming the dimensions of 7, and 7, as those of currents 
and dimensions of s#, and sé, as voltages, it is easy to 
verify that the dimensions of all coefficients Y;; are those 
of admittance. 

In this assumption @ = 1, but its dimension is frequency 
while the coefficients k,, k, and k, are dimensionless, once 
the numerical basis of conversion of mechanical and cor- 
responding electrical units is established. Our four-pole- 
equivalent schematic of Fig. 23 can now be completed. It 
turns out to be bilateral and active. It is bilateral since 
Y,,. # 0 (by setting s#, = 0 in the equation for T, we can 
see that negative 7, appears when sé, # O or 6, # 0). 
This means that the first shaft, when held stationary, will 
experience the torque from within the system when the 
second shaft is rotated. 

The four-pole is active since Y,, # Y.,. Incidentally, 
both Y,, and Y., are negative. These coefficients could 


be converted into positive if the directions of arrows in 
current sources in Fig. 23 were reversed. When s6., of 
positive value, is reduced (for example, as a result of an 
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external load at Port 2), we observe that the applied posi- 
tive 7, will be increased in accordance with the stipulated 
“torque-reflecting” property of the system. The third term 
in Y,, provides the limiting value of torque 7, for the 
situation when the second shaft is stationary (sé, = 0). 

Neglecting terms p and sJ in Y,,, we notice that the 
system will exert a “restoring torque” proportional to @, 
and equal to (73k,k,w/r)0, at Shaft 1 for slow rotation of 
that shaft while Shaft 2 is held stationary. “Slow rotation” 
condition implies low values of |s| in comparison with the 
absolute values of the zero and the pole involved in the 
formula for Y,,(s). Similar action will be obtained if we 
hold Shaft 1 and apply torque 7, at Shaft 2. Applica- 
tion of a known load (known passive admittance) exter- 
nally to the second port provides us with an additional 
equation 


(104) 


(note the sign convention) and allows us to establish the 
desired transfer function for the system, as previously ex- 
plained. Oo0Oo 
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The use of rectifiers in machine rotors to 
produce brushless generators is now well 
known, but similar use for motors has 
been impractical. The advent of the high- 
current silicon controlled rectifier makes 
the brushless synchronous motor possible 
in a system which eliminates all sliding 


and mechanical contacts. 


GEORGE M. ROSENBERRY, JR. 

Senior Engineer 

Medium A-C Motor and Generator Department 
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Schenectady 5, New York 


THE DEVELOPMENT OF small low-cost silicon rectifiers 
has made practical the brushless synchronous generator. 
These generators are receiving wide acceptance and are 
replacing many machines that formerly used d-c exciters 
with commutators. Elimination of all brushes and slid- 
ing contacts and the use of silicon rectifiers make possible 
a long maintenance-free life. A new development now 
brings these advantages to the synchronous motor. The 
usual starting and synchronizing control is eliminated, 
so that the motor may be started with the same simple 
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Fig. 1 — Brushless generator circuit. 
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starters used for squirrel-cage induction motors. Simple 
adjustment of power-factor correction is retained. 

The Rotating Rectifier, Brushless Synchronous 
Generator. The circuit of a typical brushless generator 
is shown in Fig. 1. All of the rotating elements mounted 
on the rotor are enclosed by the dotted line. The genera- 
tor is a conventional d-c excited rotating field machine. 
The exciter is a small a-c generator with stationary field 
and rotating armature. Direct-current excitation for the 
exciter field is obtained by rectifying a portion of the 
main generator output with the rectifier-regulator. This 
results in an alternating generated voltage in the rotating 
exciter armature. This voltage is rectified by the rotating 
rectifier assembly. The resulting d-c is fed directly to 
the generator field. 

If the generator is used for parallel operation, the 
rotating rectifiers can be protected against overvoltage 
from negative induced field current which results from 
some abnormal conditions of operation. A voltage-sensi- 
tive resistor (varistor) connected across the field is used, 
as shown in Fig. 1. This is necessary because silicon 
rectifiers can be destroyed by excessive reverse voltage, 
even though it may occur for only a very short time. 

A photograph of a typical (150 kw, 1800 rpm) gen- 
erator is shown in Fig. 2. The a-c exciter is mounted on 
the end of the generator. The rotating rectifiers are read- 
ily accessible on the end of the exciter. The field leads 
pass through a hole in the generator shaft. This machine 
is also typical of a 150-hp brushless synchronous motor. 

Synchronous Motor Control. Normal synchronous 
speed operation of a motor is substantially the same 
as that of a generator. The principal difference is that 
fixed excitation is supplied to the exciter field instead 
of a variable amount controlled by a voltage regulator. 
The field excitation is changed only to adjust the power 
factor. 

Synchronous motors are usually started as induction 
motors, with squirrel-cage windings in the pole faces 
to develop accelerating torque. The fields must be shorted 
or connected to discharge resistors during the starting 
period to prevent excessive induced field voltages. The 
field circuits also contribute to the accelerating torque. 

After a motor accelerates to maximum speed by induc- 
tion motor action, the field short or discharge resistor is 
removed and rated direct field voltage is applied, causing 
the motor to pull into synchronism. If the field voltage 
is applied at reduced speed, the direct-field current will 
cause some braking torque. The amount of torque and 
inertia that the motor can pull into synchronism depends 
on the instant in the slip cycle that the field is applied. 
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Fig. 2— Brushless synchronous generator, 150 kw, 1800 rpm. 


If the fixed voltage is applied at the instant when the 
induced field current is passing through zero and increas- 
ing in the positive direction, maximum synchronizing 
torque will be developed. Some field-control panels oper- 
ate on this optimum-angle synchronization principle. 
Others may provide synchronizing torque between that 
obtained with optimum angle and worst synchronizing 
angle. 

If a motor is pulled out of step due to excessive load 
or reduced line voltage, the field must be removed, or 
the line contactor immediately opened, or there may be 
excessive line current and torque pulsations on the motor 
and load. This is sometimes accomplished by a relay 
which senses the reduced line power factor at pull-out. 
An alternative approach is to sense the slip frequency 
current in the rotor and use this to operate a_ field 
removal relay. 

The conventional synchronous control also provides 
protection against overload and stalled conditions. Some 
types of control sense induced field current and fre- 
quency to assist in providing protection while still allow- 
ing maximum accelerating time for high inertia loads. 
This is combined with overload devices that sense arma- 
ture line current. Other controls provide all of the pro- 
tection by sensing only armature current. 

The Brushless Synchronous Motor. The brushless 
generator shown in Fig. 1 can be used for normal syn- 


Fig. 3 — Silicon controlled rectifier, rated 50 amp, with Zener 
diode rated 10 watts. 
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chronous speed operation as a motor if a rectifier and 
field rheostat are substituted for the voltage regulator. 
The problem arises in providing the necessary control 
functions for starting the motor and taking care of 
special conditions of operation. 

If full voltage is applied to a brushless synchronous 
motor connected as shown in Fig. 1, there will be a high 
induced alternating field current. Positive half cycles 
of the current are carried by the rotating silicon recti- 
fiers which essentially short the field for negative field 
voltage. Negative half cycles of field current must be 
carried by the varistor. If no path is provided for nega- 
tive field current, the field voltage will rise to a high 
value which might destroy the rectifiers. Even if the 
rectifiers do not break down, the motor will not start. 
This is because of the large uni-directional component of 
field current that occurs under this condition. The con- 
dition is similar to dynamic braking of a synchronous 
motor where the field is excited with d-c and the armature 
is shorted to develop braking torque. In this case, the 
armature connection to the power line furnishes a path 
for the low-frequency current to flow. The dynamic 


braking torque becomes equal to starting torque at a 
low speed. Thus, under these conditions, the rotor will 


rotate very slowly when power is applied. It can not 
accelerate and come up to speed. A test at reduced volt- 
age confirmed this analysis. 

Even with a varistor connected across the field to 
prevent excessive positive field voltage, the motor will 
not start. This is because the varistor has a much higher 
impedance for negative current than the rectifiers have 
for positive current. The resulting field voltage waveform 
has a large direct component which results in a high 
direct component of current. This in turn produces the 
braking torque which prevents the motor from starting. 
In addition, it would be difficult to mount a varistor on 
the rotor that would be large enough to store and 
dissipate the heat developed. 

Since the field terminals are not accessible through 
the brushes on a brushless machine, a control circuit 
must be provided which is small and compact enough 
to mount on the rotor. It must also be rugged enough to 
withstand the high centrifugal forces. 

Operation of the Brushless Motor. The recent 
development of the 50-amp silicon controlled rectifier, 
Fig. 3, has provided a device which makes the brushless 
synchronous motor practical. It is shown connected to 
a Zener diode which is used to turn on the silicon con- 
trolled rectifier at a specific voltage. Silicon controlled 
rectifiers are basically one-way switches.* Current flow 
is blocked in the reverse direction as in an ordinary 
silicon rectifier. In the forward direction, they block 
current flow until a small current is injected into the 
gate. When turned on, they have the low forward drop of 
a silicon rectifier, and they remain in the “on” condition 
until the current through them is reduced to a small value. 

The basic motor circuit is shown in Fig. 4. The ro- 
tating parts are enclosed by a dashed line. The two 
silicon controlled rectifiers, SCR, and SCR,, provide a 
means of shorting the field to carry negative induced 
field current during the starting period. The Zener 
diodes, Z, and Z,;, are used as voltage-sensitive devices 
to turn the controlled rectifiers on at a fixed instantaneous 


* Detailed characteristics of these rectifiers are given in ‘‘Characteristics of the 
50-Ampere Silicon Controlled Rectifier,” R. F. Dyer, AIEE Paper DP59-670, 
presented at the Middle Eastern District Meeting in Baltimore, May 1959. 
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positive field voltage. The current conducted by a Zener 
diode is small until the voltage exceeds the avalanche 
voltage, above which a small increase in voltage results 
in a large increase in current. 

The operation of the controlled rectifier field shorting 
circuit, Fig. 4, during the starting period is as follows: 
when the voltage of motor field terminal F, is positive 
with respect to F,, the rotating rectifiers will conduct to 
carry the positive half cycles of induced field current. 
As the induced field current reverses and the voltage 
of terminal F, increases in the positive direction, neg- 
ligible current will flow in the controlled rectifier and 
in the Zener diodes until the field voltage reaches the 
avalanche voltage of Zener diode Z,. As this voltage in- 
creases slightly above that value, current will flow 
through Z, into the gate of silicon controlled rectifier 
SCR, and turn it on. This will direct all of the field 
voltage to SCR, and it will turn on immediately. When 
the motor is near zero speed, this total “turn-on” time 
is about 10 microsec. This circuit prevents the field volt- 
age from exceeding the voltage at which the controlled 
rectifiers turn on. It can be shown that the peak inverse 
voltage on the rotating rectifiers will not exceed the 
peak field voltage. Thus, complete protection against 
excessive inverse voltage is provided. 

Since the field is effectively shorted, the motor will 
accelerate to full speed. As it approaches full speed, the 
a-c exciter will start to deliver some output current. This 
additional current is carried by the controlled rectifiers 
until the motor starts to pull into synchronism and 
reduces the induced field voltage. As the field voltage 
drops below the value required to trigger the controlled 
rectifiers, the exciter applies full field, and the motor 
pulls into synchronism. If for any reason the motor is 
pulled out of step, the field will be immediately shorted 
by the controlled rectifiers. Thus, full pull-out protection 
is provided by this circuit. 

Need for Two Rectifiers. It might appear at 
first glance that only one silicon controlled rectifier is 
needed. It must be remembered, however, that the con- 
trolled rectifiers can be turned off only by reducing the 
main current through them to substantially zero. With 
only one connected across the field, it could be held in 
the conducting state by the d-c output of the exciter. 
With two controlled rectifiers used as in Fig. 4, there 
is no possibility that the exciter output will keep them 
turned on. For example, when the exciter is delivering 
current to the field circuit, rectifier D,, conducts in the 
forward direction once each cycle. The forward drop of 
about one volt on the rectifier is impressed on controlled 
rectifier SCR, in the inverse direction. This turns it off. 
The same situation occurs for SCR, when rectifier Z,, 
is conducting. 

Exciter Field Circuit. Figure 4 shows a very simple, 
reliable means of providing exciter field excitation. By 
rectifying the motor terminal voltage, the exciter is auto- 
matically excited whenever voltage is applied to the 
motor. No relays or auxiliary control are used. With 
this excitation circuit, the exciter should be designed as 
a current amplifier, so that it will not deliver excessive 
current to the controlled rectifiers as the motor is ac- 
celerating. Adjustment of power-factor correction is made 
with the small field rheostat, R,. 

Discharge-Resistor Circuit. In some cases, it is de- 
sirable to have an external resistor in series with the field 
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Fig. 4— Circuit for brushless synchronous motor. 


during the starting period. This is used to obtain im- 
proved accelerating torque. It is necessary to remove the 
discharge resistor from the circuit or short it, when the 
motor is synchronized, to prevent excessive losses. Figure 
5 shows the field circuit with a discharge resistor, Rp, 
and an additional controlled rectifier, SCRp, to short 
the resistor as the motor pulls into synchronism. 

The operation is as follows: silicon controlled recti- 
fiers SCR, and SCRgz short the output of the exciter as 
was previously explained. During the starting period, 
when the voltage of terminal F, of the motor field is 
positive, induced field current flows through the dis- 
charge resistor in a direction to impress inverse voltage 
on controlled rectifier SCR». It blocks current flow in 
this direction so that all of the field current is carried 
by the discharge resistor. When the voltage of terminal 
F., is positive during the starting period, the current 
reverses and forward voltage is impressed on the con- 
trolled rectifier. It can not turn on, however, because the 
gate is negative. Therefore, during acceleration, the dis- 
charge resistor carries the induced field current and can, 
therefore, contribute to the accelerating torque. 

When the motor comes up to speed and starts to pull 
into synchronism, the exciter starts to deliver current. 
Terminal F, of the field is positive, and at the same 
time forward voltage is impressed on the controlled rec- 
tifier. Since the controlled rectifier gate supply voltage 
is positive (terminal F,), the controlled rectifier will 
turn on and remain on as long as direct current flows 
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Fig. 6-— Motor field current near synchronous speed, 50-hp, 
1200-rpm motor: (a) acceleration with inertia load 5.5 times 
NEMA normal inertia; (b) acceleration with inertia load of 
5 times motor inertia plus full-load torque; (c) pulling out of 
step from full load. 


in the motor field. This effectively shorts the discharge 
resistor to keep the losses low during normal synchron- 
ous speed operation of the motor. 

Protection of Generator Rectifiers. Figure 1 shows 
the use of a voltage-sensitive resistor (varistor) for pro- 
tection of the rotating rectifiers against overvoltage tran- 
sients which can come from the generator field circuit 
under certain abnormal conditions of operation. The 
primary sources of these transients are: 


(a) Synchronizing with another generator out of phase 
or synchronizing in phase with the other generator voltage 
considerably higher. 

(b) If the generator is connected to a system and a 
short circuit close to the terminals is maintained long 
enough for the flux to decay, re-application of system volt- 
age in phase with the generator voltage will cause a nega- 
tive field current. 

(c) Single-phase line-to-line short circuit at the genera- 
tor terminals, when the voltage is going through zero. 

(d) Sustained out-of-step operation with a system. 


The varistor is suitable for all conditions of operation 
except (d). For this case, the power to be dissipated in 
the varistor would be too high for a device that would 
be of a size convenient to mount on the rotor. The 
resulting direct component of field current would also 
cause pulsating torques and line current. The controlled 
rectifier field shorting circuit shown in Fig. 4 is small 
and generates a relatively small amount of heat. It shorts 
the field during out-of-step operation as was described 
for motor operation. This circuit can thus be used quite 
effectively to protect the generator rectifier against 
overvoltage from any operating conditions. 

Motor Tests. Tests were conducted on a 50-hp, 6-pole, 
1200 rpm motor, coupled to a dynamometer with an 
inertia of 120 lb-ft?. This is 5.5 times the NEMA normal 
inertia for a motor of this rating. The dynamometer 
had a constant torque control which was used to test 
the ability of the motor to accelerate and synchronize 
full-load torque with a high inertia. 

Figure 6(a) shows the field current waveform during 
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the portion of the acceleration near synchronous speed. 
The motor was unloaded except for the dynamometer 
inertia. It can be seen that the motor pulls into syn- 
chronism without delay, and the field is effectively 
shorted until the exciter field voltage is applied. Figure 
6(b) is similar except that full-load torque was applied 
during the entire accelerating period, and Fig. 6(c) 
shows the motor field current as the motor is pulled 
out of step from full-load conditions. It can be seen 
that the field is shorted on the first slip cycle. 

Tests were conducted to determine the relative pull-in 
torque of the brushless synchronous motor compared to 
optimum angle application of field voltage from a separ- 
ate d-c exciter. The pull-in torque was 30 per cent less 
than that obtained with optimum-angle field application. 
Even with 30 per cent reduction, the brushless syn- 
chronous motor tested was able to synchronize more than 
full-load torque with 5.5 times NEMA normal inertia, 
adequate for most applications. The discharge resistor 
shorting circuit was tested with a discharge resistor 
equal to twice the field resistance. The motor accelerated 
the inertia load in 70 per cent of the time required 
without the discharge resistor circuit. 

Tests on a generator showed that the field shorting 
circuit provides adequate protection foi all conditions 
of operation. The field is shorted only during the time 
that induced negative field current persists. 

Advantages of the Brushless Synchronous Motor. 
The strong points of the brushless synchronous motor 
are its simplicity, reliability and freedom from main- 
tenance and adjustments. All relays (except overload) 
and sliding contacts have been eliminated. It is started 
with the same simple control used for a squirrel-cage 
induction motor. As the price of silicon controlled rec- 
tifiers comes down, the cost should be appreciably less 
than conventional motors and control. 

The synchronizing torque is about 30 per cent less 
than that obtained with a properly adjusted optimum 
angle field control panel. This differential is less for 
many common types of synchronous motor control. 
Positive pull-out protection is provided with the field 
shorted on the first slip cycle. Some conventional con- 
trols provide this, but others do not remove the field 
until after several slip cycles. 

Present 50-amp silicon controlled rectifiers are suit- 
able for some motors up to 1250 horsepower. The exact 
size limit depends upon the particular motor characteris- 
tics. This limit will increase as larger controlled rectifiers 
become available. It can also be increased by parallel 
operation of controlled rectifiers. O00 
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Fig. 1—The U. S. Army’s Typed-Page Reader. 
Shown are power supplies and recognition matrix 
of the electronics cabinet, and the “Good” and 
“Reject” bin of the console. 
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The automatic conversion of the typed word to electrical form is the key to the auto- 
matic handling of typed messages. Major functions of the equipment, the processing 


of viewed characters, and the recognition principle are described. Additional applica- 


tions are cited. 


WILLIAM W. DECKERT 
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THE AUTOMATIC CONVERSION of the typed word to 
electrical form is the key to major advances in modern 
high-speed communications. Recent developments* of 
high-speed output equipment, such as electronic page 
printers, tape transmitters and typing reperforators, ac- 
centuate the need to develop automatic character-recog- 
nition equipment to serve as a high-speed input device. 
Output equipment of the type indicated makes high-speed 
message transmission and switching at operating speeds 
* Equipment developed by the U.S. Army includes: 
All-Electronic Page Printer, Teletypewriter Set, AN/FGC-36 


Electronic Typing Reperforator, Reperforator & Teletypewriter, TT-195/FG 
All-Electronic Tape Transmitter, Distributor-Transmitter, TT-191/FG 
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of 3000 wpm quite feasible. Yet, even a highly skilled 
operator can generate an input of only 75 wpm. Therefore, 
whenever information is introduced into the system by 
the operator, the relative use efficiency of such systems 
is only three per cent of their potential. The development 
of terminal (output) equipment has been so phenomenal 
that manual input—still the prime medium of input to 
communication and data-processing systems—is a poor 
match for the very systems man’s intellect has designed. 
For possible military applications, where time would be 
of the essence and the success of strategic operations 
might hinge upon the speed of communications, the means 
of introducing information rapidly into high-speed trans- 
mission facilities would be vital. 

Specifically, a method of transferring rapidly and auto- 
matically into electrical form the printed data contained 
in source documents is necessary. To meet this objective, 
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a study of the possibility of electronically recognizing 
typed characters contained in messages was made. Next, 
a means had to be found for automatically generating 
appropriate electrical signals to represent the characters 
and an experimental model demonstrating evolved con- 
cepts had to be constructed. The result of these efforts is 
a physical device (called a Typed-Page Reader, military 
designation AN/FST-6) capable of automatically “read- 
ing” messages composed of double-line spaced, upper- 
case, 12-point standard elite type at a reading rate of up 
to 750 words per minute. The design provides for the 
recognition of characters typed 
severely mutilated that 


incompletely or so 
recognition of the complete 
character by comparison with a standard is impossible. 

After multiple interrogation and testing of a character 
in a recognition circuit, output lines representing each 
recognized character sense a code converter which gen- 
erates appropriate teletype signals. Provisions are made 
for output rates of 60 to 100 wpm in sequential form. 
and of 750 wpm in simultaneous form.* The equipment 
design includes facilities to transmit directly “on line” 
or to actuate conventional or high-speed reperforators. 
It is equipped with a high-speed punch to prepare paper 
tape at the highest output rate. Figure 1 shows the equip- 
ment (developed for the U.S. Army by Control Instru- 
ment Co., a subsidiary of Burroughs Corp.) in its present 
stage of development. In Fig. 2 the functional operation 
of the equipment is shown. The details of operation are 
described in the following paragraphs. 

Document Handling. The document-handling mech- 
anism accommodates one stack of approximately one 


* The average English word is taken to be a five-character word: since a space 
is considered a character, word-length has been estimated for an average of six 
character words 
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hundred 8 by 1014-in. single-page messages which are 
automatically fed to a rotating drum brought up to speed 
by a compound motor and then locked in step by elec- 
trical clutching to a synchronous motor. When the mes- 
sage is revolving at the proper speed,+ the camera unit is 
automatically activated. Upon completion or interrup- 
tion of the reading assignment, the message is auto- 
matically stripped from the drum, passed to either the 
“good” or the “reject” bin, and another message is 
selected until the supply is exhausted, when automatic 
shut-off of the equipment is provided for. (Note that a 
reading assignment may be interrupted manually at any 
time by the operator who merely presses a “reject” 
button. ) 


A vacuum picker arm automatically lifts each sheet from the 
stack and inserts it into a slot of the document drum which 
is stationary during this period. The sheet is automatically 
clamped in the drum slot and the drum is then brought up to 
speed. Since the drum is perforated and furnished with a 
vacuum source, the sheet is held firmly to the surface of the 
drum by vacuum pressure during the reading assignment. This 
operation continues until the supply is exhausted. The absence 
of a message generates a “failure to load” signal which auto- 
matically stops the reader. After a new batch of messages is 
inserted into the equipment, the operator presses the “start read” 
button and automatic handling is re-initiated. 


Automatic interruption may be accomplished in a 
number of ways: 


(1) The message can be rejected after one or three 
“can’t read” conditions are encountered. This is accomplished 
by feeding a “can’t read” pulse to a counter. When the 
counter fills up to a preset rejection level, an automatic 


f 42 rpm. This speed must be maintained within close tolerances to synchronize 
with the scan frequency. 
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“document-reject” signal is generated. The counter is reset 
by the start of a new document. 

(2) The recognition of four consecutive “N’s” will signal 
completion of reading. This is accomplished by sensing the 
“N” line in the recognition circuit and activating a counter. 
This counter is electronically reset by other lines. Thus 
any time an “N” is not received, the counter is reset. When 
the counter is filled, interruption of reading is automatically 
initiated. 

(3) The camera will continue indexing in search of in- 
formation and eventually will overtravel. An overtravel 
switch will then be activated and the stripping cycle 
initiated. After rejection or completion of a message, the 
trailing edge of the message will initiate signals (the 
camera senses the great change from the white of the paper 
to the black of the drum surface) which will apply an 
electric brake to the drum and energize a solenoid, causing 
metal stripping fingers to fall tangentially into channels 
cut in the circumference of the drum. The direction of the 
drum is then reversed, and the stripping fingers lift the 
message off the drum. As the stripping continues, the paper 
clamp is automatically released, freeing the opposite end 
of the message. 


Camera. The camera comprises a lens system which 
directs the beam of a flying-spot scanner onto the face 
of the message. Scan information—from the character 
which is progressively scanned about 20 times—is picked 
up in serial form by a photocell for further processing 
by the video amplifiers. This photocell also activates a 
regulator amplifier to compensate for any changes in 
message background, photocell gain, and beam bright- 
ness. Another photocell monitors the face of the flying- 
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spot scanner to maintain uniformity of brightness along 
the scanner-tube face. 

Registration Control and Programming. When a 
page has been positioned on the drum, the camera unit 
(which is controlled by a servo-mechanism) searches 
until automatically held at the first line by control signals 
generated by the scanned characters. Since the lines of 
typing on the message will seldom be in perfect align- 
ment, provision has been made for line-skew correction 
and the camera will follow and read the information 
contained in non-parallel lines. At the end of a line the 
skew correction is automatically erased and the camera 
searches for the next line at its approximate location at 
the left hand margin. Appropriate teletype signals, such 
as start-of-message, carriage-return and line-feed signals, 
are automatically generated as required. Also, the end-of- 
message symbol, consisting of.four consecutive “N’s”, 
will cause the reader to discontinue the reading opera- 
tion, and the message to be sent to the “good” output 
bin. If a character mutilated beyond recognition is con- 
tained in the message, several alternatives have been 
provided: (1) a space will be generated and reading 
continued; (2) a space will be generated and the message 
will be rejected after the third unrecognizable character 
is encountered; (3) the message will be rejected im- 
mediately (this provision is intended for messages where 
no loss of intelligence can be tolerated; for example, for 
encoded messages); or (4) reading will stop and the 
message positioned in such a way that the character is 
visible to the operator who can make a manual insertion 
by means of a standard teletypewriter keyboard arrange- 
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Fig. 3 — Restoration of an imperfect character in the video amplifier. 
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ment with which the console is equipped for this purpose 
(as well as for the purpose of providing a medium of 
direct communication among operators, whenever this 
is desirable) . 


At present, a typical message consists of upper-case standard 
elite type with double spacing between lines. There is a one- 
inch margin at both sides, a one-and-one-half-inch margin at 
the top, and a half-inch margin at the bottom of the message. 
The text information of the message may be in verbal language 
or in code. In the future, more sophisticated equipment is 
to be designed to handle a more complicated format. 

Signals from the video amplifier are combined with the scan 
voltage through an AND-gate cathode follower coupled out to a 
charged capacitor. This capacitor is discharged more heavily 
as black video appears earlier during a scan voltage sweep. 
Thus, by comparing the capacitor voltage with a reference volt- 
age, an error voltage is generated which activates the camera 
servo. The reference voltage is adjusted so that the servo is 
positioned on the character just after the start of a scan. In 
other words, the circuit behaves as a bottom sensor. 
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Fig. 5— Examples of mutilated characters which can be rec- 
ognized. 


Video Amplifiers. A character which appears per- 


fectly legible may contain a multitude of superfluous and 
disturbing information because of imperfections in the 
character itself and extraneous matter in the character 
field. (See Fig. 3.) Such imperfections appear as black 
and white specks, called “salt” and “pepper”, which may 
be caused by reflections or imperfections in the paper, 
by the uneven contact pressure of the typewriter hammer, 
and by the condition of paper and ribbon. Problems 
caused by such conditions are solved by incorporating 
“salt” and “pepper” circuits in the video amplifiers. 
These circuits are designed to remove random black 
specks and to substitute black fill-in for white specks. To 
provide further character improvement, the video signal 
is sampled and delayed one scan length and then super- 
imposed on the original signal. (In effect, this process 
is the electronic equivalent of making a pencil-drawn 
character bolder by tracing over it.) 

The video signals are converted to binary form to 
minimize the effects of variations in document back- 
ground and photocell noise. This is accomplished by the 
following method: the video signals are fed into a 
Schmitt trigger which will, of course, ignore voltage 
impulses below a given level, but which will be triggered 
to a high constant level when the given level is exceeded. 
In this manner, the video is “squared”: i.e., a zero-level 
voltage is maintained for white video, and a constant 
high-level voltage is maintained for black video. 


Recognition Circuit. The recognition circuit is the 
heart of the system. It is here that the incoming signals 
are viewed and compared with wired-in standards of the 
alpha-numeric symbols used in the typewriter field. By 
the use of delay lines, the video signals are converted 
from serial form to parallel form and presented to a 
“black” and a “white” matrix each consisting of a ferrite- 
core bank of eight columns and twelve rows. By trans- 
former action, mis-match pulses are generated when 
black video is on a white core or white video is present 
on a black core. The magnitude of the mis-match voltage 
appearing on each wired-in standard is primarily a func- 
tion of the number of black and white activated cores 
threaded. Detection of mis-match is further enhanced by 
multiple threading of those cores which will accentuate 
the differences in characters. As an example, the wired-in 
standard to detect the presence of the letter “F” with 
mis-match threading for checking the presence of related 
letters Y, T, P, S, and E on the same line is shown in 
Fig. 4. The appearance of a letter, such as “E”, on this 
line causes the generation of a high mis-match voltage, 
particularly in view of the multiple threading of the 
white matrix at points A6, A7, A8, and B8. On the other 
hand, the appearance of the letter “F” yields a minimum 
mis-match voltage since black video coincidence is 
obtained on the black matrix and black video does not 
appear at the wired cores of the white matrix. When the 
character presented to the matrices is approximately in 
register, interrogation pulses check the character against 
the wired-in standards. If this mis-match is below a given 
threshhold, the selected character line overrides all other 
lines and activates the code converter, as indicated below. 
The threshhold of recognition has been made adjustable 
so that acceptance level can be fitted to the nature of the 
work being processed. Figure 5 shows an example of the 
extent to which a character can be mutilated without 
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affecting full recognition. This severe mutilation can be 
tolerated because the wiring of the standards is kept to 
a practicable minimum which still allows detection and 
recognition of the desired characters. 


Delay lines of 1.333 millisec (2 scan lines long) are inserted 
between each column of ferrite cores. Eight delay lines (each 
of one scan length and tapped at 12 equal intervals) are in- 
serted between a ferrite core in each row. Thus, as scan 16 is 
entering the far right column (no delay) the second scan is 
entering the far left column, Also, since each scan is divided 
into 12 equal parts, the segmented video information appears 
across the appropriate ferrite core. 

In this manner, the character is reconstructed into its original 
form with 96 “look” points. This greatly facilitates the prepara- 
tion of wiring schemes for the recognition of the characters. 
These schemes can be made quickly in graph form by inspecting 
enlarged negatives of the character and comparing it against 
others of similar characteristics to determine appropriate mis- 
match wiring necessary for the white and black matrices. These 
“off machine” wiring schemes are, of course, not perfect but 
are close enough to require only minor revision of the actual 
wiring. This method of examining the character in toto also 
permits a technician of average skill to accomplish wiring since 
a pattern common to all forms the basis for his work assignment. 

Each line from the recognition circuit is fed to the base of 
an individual transistor amplifier. All emitters of these amplifiers 
are common and are energized by the interrogation pulse. The 
threshhold circuit also consists of a transistor amplifier with 
an emitter common to the recognition amplifiers. However, the 
base voltage of the threshhold amplifier is controlled by a poten- 
tiometer so that, when the interrogation voltage is applied to the 
emitters, the mis-match voltage on any recognition line must be 
lower than a selected threshhold base voltage; otherwise, the 
threshhold amplifier conducts, thereby cutting off the output on 
all characer-recognition lines. 


Code Conversion. An output line is provided from 


the recognition matrix for each of twenty-six letters, 
twenty-four figures, punctuation marks and symbols. 
These lines are threaded through combinations of seven 
ferrite cores. The first five cores generate the five-unit 
Baudot code represented by each line; the remaining two 
cores provide the input to the letters-and-figures genera- 
tors. By threading or circumventing a core, a mark or 
a space is generated, respectively. Each core is followed 
by a pulse amplifier to bring the signal level up to usable 
proportions. The signals of the first amplifiers are de- 
layed to permit insertion of a change in either figures or 
letters shift ahead of the characters. These signals are 
fed into a diode matrix where teletype instructions, such 
as carriage return, line feed, etc., are automatically in- 
serted in accordance with instructions received from the 
programming unit. 

Buffer Storage and Output. In order to provide 
“on line” transmissions at the relatively low operational 
speeds of conventional teletype equipment of 60 and 100 
wpm, a storage unit with room for 18 characters serves 
as a buffer between the code converter and the teletype 
lines. When the storage unit is filled, no further reading 
is done until the storage unit is empty. A storage device 
is employed to resume reading at the appropriate place 
on the line. Thus, reading is accomplished at the con- 
stant rate of 750 wpm, although the output may be 
operating at much lower* speeds. At 750 wpm, the output 
is in parallel form (i.e., five lines for teletype information 
and one line for timing) and serves to actuate an in- 
corporated high-speed punch or to operate “on line”. 


The design calls for the nominal storage of 15 characters. 


This permits the storage to be emptied of the 100-wpm output 


* The lower speeds are 100 wpm and 60 wpm—at these speeds the output is in 
sequential form. 
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for one revolution of the drum. When 15 characters are in 
storage, an inhibit signal (to stop “reading”) is initiated. How- 
ever, the camera is well into the sixteenth character by the same 
time “reading” is inhibited, and the character must be read. 
Since a message may be alternatively numbers and letters, it 
may—on the fifteenth character—be necessary to call, for ex- 
ample, for a figure shift, then give the number, and—on the 
sixteenth character—call for a letters shift, and then give the 
appropriate letter. Under this condition all 18 slots in the stor- 
age are used, 

The storage consists of a ferrite-core, two-way shift register 
composed of six cores in each column; five cores contain the 
teletype information and one core establishes the location of the 
earliest teletype information so that read-out is done in proper 
sequence. 

The camera always scans the message to be read at a constant 
speed of 750 wpm. The buffer storage stores information if the 
output demands are below the 750-wpm level. As explained 
before, the storage just empties at the 100-wpm output, which 
gives a smooth output at this speed even though reading is 
being inhibited for a significant length of time. 


At the present stage of development, the feasibility of 
automatically reading all alpha-numeric characters, 
punctuation marks, and symbols to provide full com- 
munication intelligence at high speeds has been suc- 
cessfully demonstrated. Work is continuing to fulfill re- 
quirements relating to registration control and_pro- 
gramming, and to determine the ability of the equipment 
to recognize modified and mutilated characters in com- 
parison with human reading ability as determined by a 
human engineering study employing identical copy. 
Technical progress to-date represents a very important 
step toward the development of equipment which will 
greatly increase the efficiency of communications systems 
with a simultaneous reduction in operating personnel. 
The techniques employed do not require the use of 
special paper, strict control of printed matter, or special 
type font. The flexibility of the recognition circuit will 
permit easy changes to accommodate other type styles. 

Additional features will be incorporated into the 
equipment in the future to make it possible to process a 
message automatically without any need for human inter- 
vention by providing information that is not contained in 
the message, such as (1) the automatic conversion of 
conventional addresses into the appropriate teletype rout- 
ing indicator, (2) the generation of other sequences 
normally injected by the operator such as time and date 
of transmission, group count, priority designation, etc. 
It is planned to increase reading speeds to 3000 wpm to 
obtain optimum transmission efficiency. The present de- 
sign is readily adaptable for the incorporation of lower- 
case letters by increasing the resolution of the recogni- 
tion circuitry and by adding more ferrite-core “look” 
points to the lower half of the matrices. The conversion 
of the printed word to electrical form is, of course, not 
restricted to any specific code such as the presently used 
teletype code in this particular equipment. 

Many new applications can be envisioned, among them 
further great advances in data processing which entails 
the rapid handling of administrative, logistical, and 
fiscal transactions, and the means of foreign-language 
translation—which will give scientists and engineers 
world-wide scientific and engineering information. O O O 
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Factor-of-Ten Improvement 
In Ball-Bearing Accuracy 


Precision instrument bearings are now 
meeting the exacting dimensional tol- 


erances of aero-space Zyros. 
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IN THE PAST FEW YEARS, an important need in ball-bearing 
improvement has been satisfied thanks to U. S. Air Force 
sponsorship of a program at the MIT Instrumentation Labo- 
ratory. This program led to a subcontract from MIT to the 
Barden Corporation, Danbury, Conn., in which the objective 
was the achievement of improvement in ball-bearing geo- 
metrical tolerances to a level commensurate with those used 
in the parts and subassemblies of high-precision navigational 
instruments such as gyroscopes. 

In its work with precise instruments, the Instrumenta- 
tion Laboratory had found that the ball bearings used in 
gyros had a two-fold effect upon instrument performance 
and reliability. In the first place, a gyro could function 
as such only as long as the ball bearings carrying the 
spinning wheel would continue to operate satisfactorily. 
In the second place, gyros with ball bearings of inferior 
caliber gave inferior performance. Some ten years ago. 
even though the picture was becoming apparent concerning 
the influence of bearings on life and performance, it was 
felt that the bearings far exceeded in accuracy of geometry 
the caliber of associated parts used to make up the gyro 
assembly. However, with the passage of time, an applied 
effort toward upgrading the machining*and inspection of 
the other instrument parts effected a considerable improve- 
ment in their accuracy. By a leap-frog process, the ac- 
curacy of associated parts in the gyro assembly had been 
improved while accuracy of bearing geometry had _ stood 
still. It was now time to move ahead with ball-bearing 
accuracy, 

By 1956, overall machining and inspection tolerances for 
high-precision general-purpose machining were advanced 
beyond those then in use in the very specialized ball-bear- 
ing field. Instrument structural parts used to make up an 
assembly such as a gyroscope could be ten times more 
precise in their critical geometry than were the ball bear- 
ings. The reason for this disparity becomes apparent if one 


Standard ABEC-7 Bearing Tolerances in Inches 
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0.00015 
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studies the machine tools required to make the various 
parts of a gyro. For development work, all the parts can 
be machined to size on lathes, milling machines, etc., by 
model-shop practices. To date it has not proved very 
feasible or economical to machine ball bearings by this 
technique; instead, batteries of highly specialized single- 
purpose machines were used. These machines are generally 
geared for high production and a “standard” accuracy 
known as ABEC-7. A list of these standard tolerances is 
given in the accompanying table. 

To improve these tolerances by an order of magnitude 
implied the modification or replacement of these highly 
specialized single-purpose machine tools. Secondly, such an 
improvement of accuracy could be achieved only by an in- 
crease in cost, and the market for these accuracy-im- 
proved bearings would be minuscule compared to the total 
ball-bearing market. It is to the credit of the Air Force that 
they took the initiative in pushing this project forward with- 
out waiting for the market to develop. 

The approach to better ball bearings had two obstacles 
in its way. The first and primary obstacle was the problem 
of inspecting bearings with sufficient accuracy to determine 
whether the bearings were actually of an accuracy ten times 
better than the ABEC-7 specifications. The second problem 
was that of the machining itself. 

A ball bearing is a complex of plain and curved sur- 
faces. Some of the latter are singly curved and some are 
doubly curved. Measurements or gaging of ball-bearing parts 
is complicated by this factor. 

In the machining of other instrument parts, the same 
obstacles had been overcome. Accurate inspection equip- 
ment had to be obtained to determine whether the parts 
were up to the tolerances required on the drawings. Air 
gaging was adopted primarily for roundness, and linear 
transformer transducers were put into service for length and 
height gaging. In the ball-bearing field, these gages were 
applied primarily in measuring the size of the balls, the ID 
and OD of the assembled bearings, and the width of the 
races. The problem then became one of applying these instru- 
ments of accurate measurement to more of the bearing 
dimensions. The dimensional relationships between the plain 
and curved surfaces or between two curved surfaces of the 
bearing were involved. 

As a first step in this program, highly specialized gaging 
equipment was developed and used to select the most pre- 
cise bearings from a large sample. This equipment demon- 
strated that only a negligibly few per cent of bearings was 
over ten times better than ABEC-7 specifications in all 
dimensions simultaneously. 

The second step was to develop machine-tool practices 
for bearing manufacture to increase the percentage of highly 
accurate bearings to a more reasonable figure. The work 
involved modification of techniques, tooling and machine 
tools for this purpose. 

The success of the program is attributed to the technical 
cooperation achieved between Air Force, research institute 
and manufacturer, with each member of the team providing 
a necessary part of the effort. OOO 


ELECTRICAL MANUFACTURING 





Materials and Techniques 


For Microminiaturization— 


The conclusion of an article begun last month presenting developments, both 


past and present, in the art of size reduction through microminiaturization 


of electronic components. Previously covered were substrates, conductors 


and resistors. Here are capacitors, diodes and transistors, protective cover- 


ings, inductors—also current advances in integrated solid circuitry. 


PHILIP J. FRANKLIN 
ELEANOR F. HORSEY 


DiamMonp ORDNANCE Fuze LaporaTories 


Washington, D. C. 


Capacitors 


iNGHES 


Lacdainainasialill 


Microminiature capacitors. Left, early models of ceramic wafer 
capacitors used in proximity fuzes; left center, ceramic capaci- 
tors compression-molded on circuit substrate; right center, 
vacuum-deposited capacitor with silicon monoxide dielectric 
and gold electrodes; right, reduced titanate ceramic capacitor 
used in DOFL “2D” binary counter stages. 
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Single-Layer Types. As indicated in the first part of this 
article, the dielectrics employed in the capacitors of the 
proximity fuze of 1945 were formed in the shape of thin 
disks which were soldered to a single silvered area on a 
low-k substrate. These disks, usually 0.125 to 0.500 in. in 
diam and 0.020 to 0.40 in. thick, were made by pressing 
and sintering such ceramic powders as titanium oxide and 
barium-strontium titanates. The top electrode was connected 
to wiring on the substrate by soldered tinsel leads. These 
units varied in dielectric constant from about 40 to 10,000. 
(2)* They were formed, measured, and sorted before in- 
corporation into the printed-circuit assembly, and hence the 
percentage of rejected units was not reflected in the per- 
centage of usable circuits. 

The principal problems in the use of titanate capacitors 


* Italic numerals in parentheses refer to Cited References. References (1) through 
(56) appear with Part 1 (May issue); References (57) through (89) appear at 
the end of this article. 
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arise from the effects on them of time and temperature. 
The capacitance decreases approximately linearly with the 
logarithm of time to a value of about 70 per cent of peak. 
The change in capacitance of the better units is of the order 
of 1 per cent per logarithmic cycle. The capacitance of 
titanate units also varies markedly with temperature, espe- 
cially for units containing large quantities of barium titanate, 
but that of lower-k capacitors changes only a few parts per 
million per deg C. The latter have a maximum dielectric 
constant of about 3000. 

Other early high-k capacitors were formed simply by 
painting silver disks of the desired areas on opposite sides of 
a high-k substrate. (2) Although this was an excellent 
technique for microminiaturization, it was found that it was 
not desirable to locate many other circuit components, such 
as resistors, on high-k substrates. One solution involved print- 
ing the other circuit components on a low-k coating im- 
posed between the high-k substrate and the component. 
The low k of the coating offset the high k of the substrate 
and minimized undesirable capacitive coupling between 
electrically conductive portions of the circuit. (57) How- 
ever, the more widely adopted solution involved the thin- 
disk capacitors discussed above. 

An adhesive-tape capacitor, prepared in much the same 
way as the previously mentioned adhesive-tape resistor, was 
used in Project Tinkertoy. (58) It consisted of a conducting 
metallized tape which was coated on one side with a dielec- 
tric. The two electrodes for the capacitor were formed in 
the following way: 
fired onto the steatite substrate. and the dielectric-coated 
conductive tape was then pressed down on this pattern and 
bridged with a tape having a resistivity of 0.02 ohm per 
0.5 in. to a contact area on the substrate. The materials re- 
quired were: (1) asbestos paper tape, (2) an electrically 
conducting formulation comprising silver flake, silicone 
resin, and butyl cellosolve. and (3) a dielectric formula- 
tion comprising a powdered, high-k titanate body, n-hexane, 
and epoxy resin. 

Concurrently with the above work, capacitors were com- 
pression-molded onto a low-k substrate in these laboratories. 
(5) The subsequent firing operation was intended to cure 
the binder (in the case of ceramic-epoxy resin formulations) 
or melt the fluxing agent (in the case of ceramic-glass 
formulations). A forbidden since 
the conductive silver wiring already on the substrate would 
agglomerate above 960 C. Units of thicknesses between 0.002 
and 0.015 in. and capacitances up to approximately 2500 
pf were prepared as molded 0.25-in. diam disks by this 
process. 


first. a silver pattern was printed and 


sintering process was 


More recently, capacitors have been prepared by vacuum 
deposition techniques. A metal electrode is deposited on a 
stable substrate and covered with a dielectric on which, 
in turn, is deposited a second metal electrode. A partial 
list of useable electrode metals includes gold and aluminum. 
Less satisfactory capacitors have been made with electrodes 
of silver, tin and zinc. (35) A smaller number of dielectric 
materials has been vacuum deposited. The use of silicon 


Solid-State Diodes 


Active Elements. Solid-state diodes and transistors are 
most commonly made of germanium for microminiature 
assemblies at DOFL. This is partly due to the ease of 
preparation of germanium. However, because the operating 
temperature limit of germanium-based devices is below 
100 C, silicon may eventually be used in its place. 

Germanium is usually obtained by heating zinc refining 
residues in the presence of air and chlorine to form germa- 


136 


monoxide (59), mixtures of silicon monoxide and silicon 
dioxide (35, 60), and aluminum oxide (61) has been 
reported. 

Since the dielectric constant of commercial ferrites at 
1000 cps can be as high as 670,000 (62), one would think 
that they might be employed to make extremely high-k 
capacitors. However, in such efforts at DOFL, using sten- 
ciled or vacuum-deposited silver electrodes, the dielectric 
constant was found to be only about 50,000. An explanation 
is not available. 

Multi-Layer Types. It has been pointed out (25) that, 
although single-layer films only a few molecules in thick- 
ness offer highest capacitance per unit volume, stability is 
of prime importance and, therefore, multi-layer, ultra-thin 
film capacitors should be developed in order to achieve 
high values of capacitance (0.1 pf and above). Of course, 
porosity and dielectric breakdown strength will limit the 
thinness of the film to be used. 

Early work on multi-layer capacitors was largely on 
units of relatively great thickness. Such work included the 
laying down of layers of vitreous dielectric enamel and 
conductive silver paste and firing to form a solid plate 
which could then be used as a substrate. (2) The vitreous 
enamel was composed of silica, alkali oxides and fluorides, 
and bivalent metals. (63) When sprayed in thin layers, it 
yielded a capacitance of 0.02 pf per cu in. for a working 
voltage of 500 volts and losses of 0.2 per cent. 

Another layerized type of capacitor was described re- 
cently in which titanate ceramic powder was sintered into a 
plate, reduced in hydrogen, and then reoxidized on the sur- 
faces. (64) The firing in dry hydrogen at a temperature 
above 1200 C converted the titanate constituents into semi- 
conductors so that the material became conductive. Re- 
oxidation at a temperature between 700 and 800 C, during 
which silver electrodes were baked on, was a short-duration 
process which affected only the thin surface layers. Thus 
two high-k capacitors in series were produced and they 
had greatly reduced thickness because only the surface 
skins of the body were dielectrics. These units had a 
capacitance of 0.1 yf per sq in., a dielectric constant of 
about 1000, and fairly large dielectric losses of about 
5 per cent. However, such losses are not objectionable 
in low-impedance circuits involving transistors. (This type 
of capacitor is employed in the microminiature circuit shown 
in Fig. 1 in the first part of this article and is inserted in 
a hole in the substrate). 

Possibly in the future, more widely used microminiature 
capacitors will be either stacked, very thin films built up 
by vacuum deposition of alternate layers of metal and 
dielectric, or units formed in semiconducting substrates as 
described below. 

Capacitors for Integrated Solid Circuits. Capacitors have 
been formed in integrated solid circuits by: (1) making 
a p-n junction and using the capacitance associated with this 
junction when reverse biased, and (2) oxidizing the sur- 
face of the semiconducting material and subsequently apply- 
ing a counter electrode by vacuum deposition. (26a, 42a) 


and Transistors 


nium chloride. The chloride is then purified by distillation, 
hydrolyzed to the oxide, and reduced by hydrogen to the 
metal. For use as a semiconductor, the metal is then purified 
to an ultra-pure state by the process of zone melting. It 
is then deliberately recontaminated to a controlled degree 
by the addition of Group III or Gro p IV elements, es- 
pecially indium, galliur-, antimony and arsenic, to produce 
the desired degree of imperfection and, hence, the desired 
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electrical properties. (72) 

To date, transistors and diodes employed in microminia- 
ture assemblies have been based on the preformed active 
elements. However, the formation of these parts by vacuum 
evaporation and deposition of the semiconducting material 
on a substrate may ultimately be possible because germa- 
nium single-crystal films have been so formed experimentally 
on polished etched germanium single crystals and on single- 
crystal cleavage surfaces. (65) 

Packaging the Active Element. The first step in the in- 
clusion of semiconducting materials as integral parts of 
printed electronic assemblies was made by Globe Union 
Inc., Centralab Division, in connection with the fabrication 
of several commercial printed amplifiers. (66) The her- 
metically sealed cases of germanium diodes and transistors 
were eliminated in these assemblies. The active element 
and its header were inserted directly into a printed wafer 
and attached to the printed wiring by solder. 

In 1957, Nall and Lathrop (67) of DOFL described a 
printed circuit which contained germanium diodes and 
transistors and in which both the header and case were 
eliminated. (This is outlined below for transistors only, 
but the same techniques were applied to diodes also.) 

In the application of transistors particularly suited to 
ordnance devices, important requirements include those of 
small size and the ability to withstand high shock (10,000 
g and above). Also, since high-frequency operation is often 
important, a diffused-base transistor was chosen as the 
starting point for this development. The original material was 
electron-deficient, p-type germanium, with a resistivity of 
about 1 ohm-cm, into which arsenic had been diffused. This 
gave rise to an electron-rich, or n-type, skin about 9 microns 
thick. The p-type material was the collector of the finished 
transistor and the n-type skin was the base. 

The diffused wafers had dimensions of 0.045 x 0.045 x 
0.010 in. A drop of photosensitive resist was placed on the 
surface of the wafer, dried, masked with a rectangular 
pattern, exposed to ultraviolet light, and developed in tri- 
chloroethylene. This left a bare rectangular area 0.004 x 
0.012 in. on the germanium. The aluminum emitter material 
was evaporated in vacuum and deposited over the entire 
surface. The underlying resist was then chemically stripped 
away, leaving only aluminum on the rectangular area. The 
aluminum emitter was alloyed to the germanium by heat- 
ing. Resolution at least equivalent to that obtained by me- 
chanical masking was obtained by this process. Subse- 
quently, a base contact pattern identical in shape to that 
of the former pattern was formed 0.002 in. away from the 
emitter by the same photoresist masking process. In this 
case, however, the contact was electrolytically deposited 
gold with a small percentage of antimony. The gold was 
deposited only on the clean germanium surface, so there 
was no need to strip resist before alloying the gold to the 
germanium. This alloying was accomplished at a lower 
temperature than that of the aluminum-germanium alloying, 
thus leaving the emitter undisturbed. The collector base 
junction was defined by etching away the n-type skin with 
acid, except in the vicinity of the emitter and base contacts. 
A thick coating of photoresist, which is not attacked by the 
acids commonly used to etch germanium, was used to con- 
trol the pedestal geometry during etching. 

More recent work at DOFL has been directed toward 
hermetically sealing each semiconducting device separately 
into the ceramic substrate.(68) In this way, the entire 
circuit does not require encapsulation for protection against 
humidity and other atmospheric contaminants. As indicated 
previously, hermetic sealing of diodes and transistors is 
especially important because surface effects control their 
operation. One method investigated at DOFL requires met- 
allizing the perimeter of the recessed areas in the substrate 
and subsequently soldering on metal caps. Various metalliz- 
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Fig. 3— Cross-sectional view of DOFL transistor made with 
photoresist masking techniques, before (top) and after (bot- 
tom) deposition of leads. 


ing techniques have been employed, including the molyb- 
denum-manganese-nickel process.(69) An alternate tech- 
nique, presently being investigated by Bell Telephone 
Laboratories, involves the use of the previously mentioned 
low-temperature-melting glasses which are allowed to coat 
the entire device to seal it hermetically. (74) 

Connections. Perhaps the most interesting aspect of 
photoresist masking techniques, as applied to transistor 
fabrication, is that of “printing” the leads by evaporation 
and deposition of aluminum. In this process, a coat of re- 
sist is placed over the finished transistor and exposed and 
developed to leave uncoated only the areas directly over 
the emitter and base contacts. In some cases, an additional 
layer of gold is electrolytically deposited in the areas to 
insure good contact. The transistor is then soldered to a 
thin metallic baseplace and inserted in a hole in a printed- 
circuit steatite baseplate, much like a stopper in a bottle. 
Any gap between the baseplate and the germanium die is 
filled with an insulating temperature-resistant cement, such 
as epoxy resin, which serves to attach the transistor firmly 
to the baseplate and present a smooth continuous surface 
for vacuum deposition. Using relatively crude masking, 
aluminum leads are then vacuum deposited to connect the 
printed wiring, printed resistors, and printed capacitors on 
the ceramic baseplate to the contacts on the pedestal. A 
schematic diagram of the finished unit is shown in Fig. 


prt bates 
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Fig. 4—Similar Nor circuits constructed by (left to right) 
conventional packaging of miniature parts, DOFL “2D” tech- 
niques, and solid-circuit techniques. Volume comparison: ap- 
proximately 100:10:1. 
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3.* The leads have a conductivity approximately equivalent 
to that of a wire 0.006 in. in diam. 

Another technique has been employed for making con- 
nection between the electrodes of alloy transistors and 
printed wiring.(68) The p-n-p alloy transistors are pro- 
duced by diffusing indium from two dots on opposite sur- 
faces into a single crystal of n-type germanium. The indium 
dots become the emitter and collector electrodes, while a 
tab attached to the germanium becomes the base electrode 
The relatively wide spacing between emitter and base (0.05 
in.) permits connecting the electrodes to the printed wiring 
by painting between them a line of silver-filled epoxy resin. 
Before this, the caseless transistor is protected with photo- 
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resist and sealed into a suitably machined ceramic base- 
plate which has the printed wiring and resistors on it. After 
applying the conductor and curing it for 1 hr at 100 C, 
the resultant connection has high mechanical strength and 
low resistivity. Still another connection technique, (70) 
but one not involving printed circuitry, requires welding 
tiny gold wires between the germanium wafer and _ the 
printed wiring. 

Integrated Devices. Extensive use is now being made at 
DOFL of photoresist masking techniques in connection with 
the construction of a multiple-diode matrix and a NoR 
circuit (Fig. 4). Exacting resolution and placing of resist 
masking have been achieved. However, materials processing 
must be improved if 100 per cent device yield is to be 
approached. 


Protective Coverings 


Coatings. It was mentioned earlier that, in the proximity 
fuze of 1945, the printed circuits were coated with a mica- 
filled phenolic resin which was subsequently impregnated 
with wax. Of course, all plastic coverings transmit some 
moisture vapor and other gases over a period of time 
and serve only to decrease the rate of the effect of such 
leakage. For complete protection over a long period of 
time, a hermetically-sealed metal or ceramic case is re- 
quired. 

Since microminiaturization techniques involve the removal 
of protective cases from components, it is necessary to 
apply coatings to impart to the thin-film component some 
interim resistance to moisture and other atmospheric con- 
stituents, as well as some degree of abrasion resistance and 
ruggedness prior to encapsulation. For example, the need 
for plating certain flat conductors to decrease surface 
oxidation and the need for protecting printed carbon com- 
position resistors against the effects of moisture have been 
mentioned earlier. 

Printed resistors made industrially are still protected with 
filled phenolic resins impregnated with wax. However, some 
resistors are first protected against both abrasion and elec- 
trical shorts with a coating of an epoxy resin of the same 
type as that used in the resistors. Then the complete circuit 
is protected against humidity by flowing on a thicker coat- 
ing of a bubble-free, alcohol dispersion of a filled phenolic 
resin, curing the coating, and impregnating the coating in 
vacuum with micro-crystalline wax. (46) At DOFL, an in- 
sulating coating of epoxy resin has been applied to the 
resistors by screen printing and then the circuit has been 
coated as described above or dip-coated with a thixotropic 
epoxy-wax composition. (71) Other laboratories have em- 
ployed silicone resins. 

Actually, the components on the microminiature wafer 
shown in Fig 1 of the first part of this article (except for 
the transistors and diodes) are not now being covered 
with any protective covering, principally because these 
wafers are not production items but rather research items 
which are immediately assembled and encapsulated. How- 
ever, for production items, interim protective coverings on 
the resistors, as well as the transistors, will probably be 
necessary. 

The protection of caseless transistors is more critical than 
that of resistors, particularly because the protective ma- 
terial itself generally introduces some degree of contamina- 
tion to the surface of the semiconductor. Some limited suc- 
cess in preparing non-contaminating coatings has been 
achieved by the use of silicone resins, (72) silanes, (73) 
low-melting-point sulfide glasses, (74) and a_ photoresist. 

At DOFL, a photoresist is applied to transistors to take 
advantage of both its photomasking properties and its pro- 
tective coating properties. The particular material employed 
is a commercial product described as an “all-plastic, pre- 
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sensitized liquid surface coating.” (75) Its composition is 
unknown. Presumably it contains a light-sensitive resin. 
Resins of this type include the class of polyesters known 
as chaleones (76) which contain the grouping (—C,H,CH 
CH—CO—C,H,). This group is made insoluble on exposure 
to ultraviolet light. Details of the method of application 
of this resist to the transistor will appear later on, together 
with the application of its light-sensitive properties. As a 
protective coating for the transistor, it has been used in 
two ways: (1) to provide interim protection of the active 
area of the transistor against contamination prior to en- 
capsulation and against contamination by the amine curing 
agent of the epoxy resin during encapsulation, and (2) to 
provide an insulated surface on which to vacuum-deposit 
leads across to the printed wiring on the substrate. 

Use of vacuum-deposited silicon oxides for non-contaminat- 
ing coatings on transistors is also a possibility and, at high 
operating temperatures, probably a better one than a 
plastic coating. The success of any of these coatings on 
transistors, however, remains to be proven. 

Encapsulations. Early encapsulating materials for electronic 
assemblies consisted of natural resins and waxes such as 
mixtures of microcrystalline wax and beeswax, mixtures of 
calcium and magnesium oxides dispersed in pine oil and 
then gelled with a fatty acid, and tung oil gelled with 
ferric chloride. By now, encapsulation of low-frequency 
devices in epoxy resins (77) has become commonplace. 

A common epoxy resin formulation for encapsulating elec- 
tronic assemblies consists of 100 parts epoxy resin (viscosity 
100 to 160 poises) and about 7.5 parts of diethylaminopro- 
pylamine. For encapsulation of large assemblies, this formu- 
lation is usually cured at room temperature for several 
hours prior to oven curing, but for small assemblies it is 
cured overnight at 65 C. Other curing agents can be em- 
ployed provided they are not corrosive to the electronic 
parts. (78) 

When flexibility is required in order to withstand high 
levels of shock or changes of dimension due to temperature 
fluctuations, epoxy resins have been modified with poly- 
sulfide rubbers, (77) polyamide resins, (77) fatty acids, 
(79) and polybutadiene. (80) Polyurethane resins (77) and 
foamed resins have also been recommended for this purpose. 
Styrene-type resins (7) have been employed for encapsula- 
tion where particularly low dielectric losses are required. 
The dielectric properties of many of these materials have 
been compared and reported in the literature. (8/) 

The precautions to be observed in encapsulating all 
electronic assemblies involve such things as control of the 
exothermic heat of the reaction so as not to damage the 
electronic components and control of the shrinkage during 
curing so as not to crush the components or break the sub- 
strate. Procedures for encapsulating electronic assemblies 
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have been described in detail elsewhere. (77, 82) The en- 
capsulation of microminiature assemblies has, thus far, 
been limited to those few experimental models which have 
been available. It is expected that techniques applicable to 
large assemblies will have to be modified to some extent. 
For example, it will be necessary to use lower-viscosity 


resins and vacuum techniques in order to promote the entry 
of resins into smaller spaces. 

Protective Coverings for Solid Circuits. Presumably materials 
and techniques found suitable in protecting caseless tran- 
sistors and diodes will also be suitable for protecting solid 
circuits. 


Inductors 


Inductors. An etched coil (left), a bobbin-wound transformer 
(center), and a toroid-wound transformer (right). 


Probably less effort has been devoted to the miniaturiza- 
tion of inductors than to any component part, and 
efforts in microminiaturization are thereby limited. The 
majority of the microminiature circuits developed thus far 
at DOFL have not required inductors. However, there is a 
wide variety of important circuits in which they must be 
used. 

There are two basic classes of inductors. One type is 
formed by winding wire around a coil form of magnetic or 
non-magnetic material and the other type is formed by 
printing or etching a spiral of conductive wire on a sub- 
strate. 

Wound Inductors. In microminiature circuits, inductors 
of the wound type might be inserted into a substrate and 
attached to the appropriate portions of the conductive 
wiring. Obviously a prerequisite for this assembly would 
be an inductor of small size. By making use of the new 
ferrite materials which possess high permeability (u) and 
low loss, microminiature coils which occupy only 0.001 cu 
in. have been built on a laboratory scale. (50) Pulse trans- 
formers and inductors which are only a little larger than 
the eraser on a pencil have also been built and it is claimed 
that as much as 1.0 henry can be obtained from one of 
them. (83) 

Most miniature inductors use high-permeability ferrites. 
However, the construction of a stable high-inductance com- 
ponent is limited by the fact that materials of high p 
possess very high temperature coefficients of permeability. 
In addition, there are the limitations caused by dimensional 
instability of coil forms and differences in thermal coef- 
ficient of expansion between the form and the wire with 
which it is wound. 


Functional 


The functional solid-circuit approach is one in which 
the principal objective is miniaturization through circuit 
redesign rather than through fabrication of smaller parts. 
either separately or as integrated units. The functional solid- 


JUNE 1960 


Printed Inductors. Printed inductors are usually formed 
on a flat plate in the shape of a spiral. The inductance is 
determined by the radius of the inductor, the number of 
turns, and the radial thickness of the inductor. Because 
the metal is in intimate contact with the dielectric, the 
combination of metal on ceramic behaves well under tem- 
perature variations, as if expansion were due to ceramic 
alone. However, since microminiature circuits may require 
a substrate expansion near zero, a quartz substrate (84) 
may be preferred to one made of steatite. Although printing 
apparently eliminates differential expansion problems, it 
raises another problem: the losses of the inductor then 
reflect not only the resistance of the wiring but also the 
dielectric properties of the substrate. 

Single-layer inductors printed in DOFL have yielded low 
inductances (less than 200 microhenrys). Methods of in- 
creasing this inductance include filling the center area 
with a magnetic paint, printing intertwined spirals of silver 
and magnetic material, molding the baseplate so that a 
cylindrical magnetic slug may be dropped into it, or adding 
magnetic material to the baseplate before it is formed. (2) 

The printing of single-layer spirals on opposite sides of 
a baseplate has also been suggested (2) in order to take 
advantage of the possibility of increasing the inductance 
by a factor of four on connecting the two in series. This 
construction is now under investigation at DOFL. 

Other methods of increasing the inductance include for- 
mation of multi-layer inductors from alternate layers of 
right- and left-hand spirals suitably stacked and intercon- 
nected. At DOFL, attempts to form such a stacked inductor 
with thin films of insulation between coils have not as yet 
proved satisfactory. In the literature, processes are de- 
scribed whereby coils may be built up by forming a multi- 
plicity of spirals on flexible substrates (85) such as im- 
pregnated paper or fabric (86) and then folding to bring 
the coils into the proper relationship with one another. 
Of course, this procedure sacrifices the desired reduction of 
volume. 

If a suitable procedure for printing multi-layer inductors 
can be developed and then combined with the technique of 
printing on both sides of the plate, perhaps a microminia- 
ture inductor of high value will be producible. 

In microminiature circuits, where many parts are packed 
closely together, it is important that the magnetic fields 
associated with the inductive parts be self-contained. For 
this reason, it appears that toroidal cores of magnetic or 
non-magnetic materials will offer possibilities. 

A completely different approach is the design of circuitry 
which avoids, wherever possible, the use of inductors. In 
many circuits, RC networks or active transistor networks 
can be employed in the place of large inductive compo- 
nents. (87) 


Circuits 


circuit designer attempts to use the functions associated 
with multi-layer semiconductor devices to achieve the same 
input-output relationships that the integrated designer 
achieves with a multiplicity of integrated parts. This ap- 
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proach is represented by the USAF “molecular electronics” 
program.(88, 89) Since the principal emphasis of this 
article is on miniaturized parts, further discussion of 
functional circuits is beyond its scope. 


Conclusions 


Materials. Present microminiaturization techniques in- 
volve the use of inorganic materials for substrates, con- 
ductors, and capacitors, organic materials for resistors and 
protective coverings, and both types of materials for photo- 
resist transistors. Since metal-film resistors are expected 
to replace carbon-composition inorganic 
coatings such as silicon oxides are expected to replace 
certain protective coatings, the trend in materials for micro- 
miniaturization is away from plastics. This trend will 
probably be accelerated as solid circuits which employ 
semiconducting substrates and components formed in situ 
become increasingly prevalent and practical. 

Techniques. Present microminiaturization techniques in- 
volve certain ancient arts, such as ceramics technology 


resistors, and 
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and screen printing, and certain newer arts, such as photo- 
resist masking, resin encapsulation, and vacuum evapora- 
tion. With the predicted replacement of plastics materials 
with inorganic materials wherever possible, emphasis in 
techniques will probably shift toward newer techniques, 
especially vacuum evaporation and semiconductor proc- 
essing. 

There remains essentially only one component part to 
be microminiaturized, the large-value inductor. If such in- 
ductors can be made, size reductions in additional circuits 
can be achieved. Oooo 
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FOREWORD 


Machine tool builders have for many years been di- 
rectly interested in the electrical equipment that forms 
so vital a part of the modern machine tool. With the 
tremendous development of better cutting tools, with 
the necessity for wider speed ranges, has come a cor- 
responding improvement in the material available from 
the manufacturers of industrial electrical equipment. 
Realizing that the safety of the operator and the main- 
tenance of production are considerations of cardinal im- 
portance to machine tool users, the industry established 
an Electrical Standards Committee in 1938 and since that 
time has been constantly and actively engaged in the 
development of better electrical standards. 

The first form of these standards, written after con- 
ference with a large number of customers in Detroit, 
was a composite of many specifications drawn up by 
machine tool users and machine tool builders, and the 
National Electrical Code. It was adopted September 5, 
1941; became an American War Standard issued by the 
American Standards Association June 8, 1942, under 
Number C-74-1942; and was made mandatory on machine 
tool builders during the war program under a limitation 
order of the War Production Board. With further expe- 
rience and valuable suggestions from customers, this 
Standard was revised and reissued on September 13, 1950, 
as an Industry Standard. In the meantime, at the close 
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of the war, the Joint Industry Conference was formed, 
and many of the suggestions in the earlier and present 
versions are the result of the extensive conferences held 
with representatives from the mass production companies 
represented in the Joint Industry Conference. 

This present version has been approved by the mem- 
bers of the National Machine Tool Builders’ Association 
and its Board of Directors as an Industry Standard. 
It has been developed specifically for machine tools and 
brings to the industry and its customers the latest 
thoughts of many skilled minds in the field, in keeping 
with the latest technological development. The objectives 
have been to make tools safer to operate, more produc- 
tive and less costly to maintain. 

For the first time some recognition is given to use of 
electronic and static devices. With the limited usage of 
these devices in the machine tool field at the present time, 
it is recognized that the experience gained has not been 
adequate to write complete standards covering these 
devices. The present provisions will be modified as field 
experience dictates. 


Note: Where it is intended to comply with these standards: 
sentences containing the verb “shall” are mandatory; sentences 
containing the verb “should” are preferred, but optional prac- 
tices, 
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Use of Standards in Purchasing 


In the past these Standards have been frequently em- 
ployed by the machine tool user as purchasing specifications 
and this practice has been of great benefit to both the user 
and the builder. If a purchaser of machine tools desires to 
use these Standards as purchasing specifications, he should 
include in his inquiry and purchase order the clause “Elec- 
trical equipment shall conform to the Machine Tool Elec- 
trical Standards.” In addition, he should list on his inquiry 
and purchase order the following information: 

a. Power supply characteristics (voltage, 
quency). 

b. If the make of the electrical equipment usually fur- 
nished by the machine tool builder is not desired, 
specify preferred make. 

Type of motor enclosure desired. 
Type of supply circuit disconnecting device desired. 
Extra copies of wiring diagram if desired. 


phase, fre- 


10. General 


10.1 Purpose 


The purpose of these Electrical Standards is to provide 
detailed specifications for the application to machine tools 
of Electrical Equipment (see Glossary) which will promote: 

a. Safety to personnel. 

b. Uninterrupted production. 

c. Long life and low maintenance cost of equipment. 
These standards are minimum standards and are not in- 
tended to limit or inhibit advancement in the art of electrical 
or mechanical engineering. 


10.2 Scope 


The provisions of these standards apply to all electrical 
equipment and wiring furnished as part of a machine tool 
system, commencing at the place of connection of the power 
supply to the machine tool electrical equipment. 

These standards shall apply to electrical equipment for use 
on circuits which operate from a supply voltage of 600 volts 
or less. 

These standards shall not be considered adequate for ma- 
chine tools intended for use in locations designated as 
hazardous by the National Electrical Code. 


10.3 Definition of Machine Tools 


For the purposes of these standards, machine tools are de- 

fined as follows: 

a. A metal-cutting machine tool is a power driven machine, 

not portable by hand, used for the purpose of removing 
metal in the form of chips. 
A metal-forming machine tool is a power driven machine, 
not po.table by hand, used to press, forge, emboss, ham- 
mer, blank or shear metal. (NOTE: This definition is not 
intended to include die casting machines, extruding ma- 
chines, powdered metal presses, rolling mills or welding 
equipment. ) 
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f. Any conditions for which unusual provisions must be 

made, such as: 
Limited power supply. 
Power line disturbances (line “hash,” surges, etc.) 
which might affect equipment operation. 
Ambient temperature over 40 C. 
Installation where control might require air filter- 
ing, forced ventilation, etc. 
High altitude operations. 
Conditions not normally encountered in standard 
installations. 

g. Whether raceway and wiring is to be furnished be- 
tween the machine tool and separately mounted en- 
closure. 

In details not specifically covered by these Standards, 

unless the user expressly specifies what is wanted, the ma- 
chine tool builder will use his best judgment. 


11. Diagrams, Instructions and 


Nameplates 


11.1 Diagrams 
11.1.1 Elementary (Schematic) Diagram: 


a. Where more than one motor starter or other electrical 
device is used (if the motor and controls are not entirely 
independent), an elementary diagram shall be furnished. 
This diagram shall be marked with the machine serial 
number or with some other symbol which will identify 
the particular machine to which this diagram applies. 
The elementary diagram shall show all electrical equip- 
ment in the control system, using electrical symbols. 

The diagram shall be drawn with vertical lines to repre- 
sent the source of control power, and all control devices 
shall be shown between these lines. All actuating coils 
shall be shown on the right-hand side. 

Electronic diagrams may be drawn between horizontal 
lines representing the source of power. 

The positions of the symbols on the diagram should be 
arranged for clarity and need not indicate their physical 
location on the equipment. 

The symbols for all devices shall be identified by a letter 
or number-letter combination. 

Each interconnecting wire shall be identified by a number. 
An identifying or cross-indexing scheme shall be used in 
conjunction with all relay coils so that their associated 
contacts can be readily located on the diagram. 

Voltage and/or current data, which facilitate trouble 
shooting, shall be indicated on the diagram. Oscilloscope 
traces, showing wave form with peak-to-peak voltages, 
should be given in cases where meter readings will not 
give a complete indication of the performance of a com- 
ponent or circuit. The sensitivity of the measuring instru- 
ments and the condition of the circuit at the time of 
measurement shall be given. 





11.1.2 Block Diagram. Where the complexity of the 

control system warrants, a block diagram of con- 
trol functions should be furnished. Each block shall be 
identified and cross-referenced in such a manner that its 
internal circuitry may be readily found on the elementary 


diagram. 


11.1.3. Component and Equipment Layout Draw- 
ings. Layout drawings should be furnished with 


all control systems. 

The layout shall consist of an outline drawing or photograph 
of each electrical panel or chassis and other equipment 
external to the panel or panels. The drawing shall show the 
relative position of all devices. It need not be drawn to scale 
and dimensions need not be shown. All devices shall be 
identified as shown on the elementary diagram. 


11.1.4 Connection and Interconnection Diagrams 


A connection diagram should be furnished for each panel. 
It shall show the electrical connections between the de- 
vices comprising the panel. 

An interconnection diagram or wiring table should be 
furnished to show the connections between all panels and 
separately mounted devices comprising the complete con- 
trol system. Each wire or connection shall be identified 
as shown on the elementary diagram. 


1.1.5 Symbols 


Symbols used on electrical diagrams shall be in accord- 
American Standard, Graphical Symbols for 
Electrical Diagrams, Y32.2. Typical examples are shown 
in Appendix A. 

Designation of devices shall be in accordance with NEMA 
Standards for Industrial Control, IC-1. Typical examples 


“ace with 


are shown in Appendix B. 


11.2 Instructions 
33.2.3 


Information referring to the installation, opera- 
tion and maintenance of the system should be 
furnished as described below: 

a. A stock list, giving the device or subassembly designation 
as it appears on the elementary diagram and sufficient 
description of each device or subassembly so that replace- 
ment parts may be readily ordered, 

b. Set-up information, listing all information necessary for 
calibrating and adjusting all devices or subassemblies. 

c. Operating instructions, including all information neces- 
sary to describe the operation of the complete system. 

d. Trouble-shooting instructions, including information to 
aid in quickly locating the more common component 
failures. 

Maintenance instructions, including information regard- 
ing preventive maintenance. 


11.3 Equipment Nameplates and 
identification Plates 


11.3.1 


\ permanent nameplate shall be attached to the 
control equipment or machine listing voltage, 
phase. frequency, full-load current (in the case of a multi- 
motored machine tool, the full-load current shall not be less 
than the sum of the full-load currents required for all motors 
which may be in operation at one time under normal condi- 
tions and use) or rated kva; NEMA standard interrupting 
capacity of the circuit breaker, if furnished; control circuit 
voltage and wiring diagram number. Nameplate should in- 
clude the following sentence to indicate compliance with these 
standards: “The wiring and equipment on this machine are 
in accordance with Machine Tool Electrical Standards.” 


NOTE 1: If only a single motor is used, the motor name- 
plate may serve as the electrical equipment nameplate if it 
is plainly visible. ; 
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NOTE 2: If a fusible disconnecting device is furnished, 
it is not practical to specify interrupting capacity. 


11.3.2 Where electrical equipment is removed from its 

original enclosure or where equipment is so 
placed that the manufacturer’s identification plate is not 
readily visible, a duplicate identification plate shall be 
permanently attached to the machine tool or enclosure. 
Identification plates shall not be removed from electrical 
equipment. 


11.3.3 


Whenever the motor nameplate or the connection 
diagram plate is not visible, a duplicate plate 
shall be 


plates shall not be removed from motors. 


provided where it can be easily read. Original 


11.4 Marking of Devices 
11.4.1 


All control and power devices shall be plainly 
and permanently identified with the same identifi- 
cation as shown on the elementary diagram. On devices 
external to the control panel, except as specified in 11.4.2, 
identification shall be shown on a tag, preferably metal, 
mounted adjacent to (not on) the device. 


11.4.2 Each control station device shall be identified 


with a nameplate. 


12. Supply Circuit 
Disconnecting Devices 


12.1 Scope 
12.1.1 


This section shall apply to all machine tools, 
except bench-type machines powered by a single 


motor rated at 2 hp or less. 


12.2 Type 
12.2.1 The machine tool builder shall furnish one of 


the following types of disconnecting devices: 
a. A manually-operated non-fusible motor circuit switch or 
a circuit interrupter, or 
b. A manually-operated fusible motor circuit switch or a 
circuit breaker. 


12.3 Rating 


12.3.1. The disconnecting device shall be capable of 


interrupting the maximum operating overload 
current of all the equipment connected to that circuit. 


12.3.2 Fusible switches or circuit breakers shall be ap- 
plied in accordance with paragraph 13.5, Branch 


Circuit Overcurrent Protection. 


12.4 Position Indication 
12.4.1 


The disconnecting device shall plainly indicate 
whether it is in the open or closed position. 


12.5 Supply Conductors to be Disconnected 


12.5.1 The disconnecting device shall disconnect all 
ungrounded 
circuit simultaneously. Where there is more than one power 


conductors of the power supply 


source, additional individual disconnecting devices shall be 
provided for each supply circuit, so that all power lines to 
the machine may be interrupted. 


12.6 Connections to Supply Lines 
12.6.1 


The incoming power supply line conductors shall 
terminate at the disconnecting device with no 
connection to terminal blocks or other devices ahead of the 


disconnecting device. 
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12.7 Line Terminal Protection 


The line terminals of all disconnecting devices 
shall be shielded so as to eliminate the possibility 
of personnel accidentally contacting live parts. 


12.7.1 


12.8 Mounting 


The disconnecting devices shall be mounted within 
the control enclosure, except when the connected 
horse-power exceeds that for which it is practicable to panel- 
mount the disconnecting device. The machine tool builder 
shall then furnish, but not mount, an enclosed disconnecting 
device. 


12.8.2 


12.8.1 


If more than one disconnecting device is pro- 
vided for multiple supply circuits, they shall be 
grouped in one location. 


12.8.3 The disconnecting device(s) shall be mounted at 
the top of the control panel with no other equip- 
ment mounted above it. 


12.9 Interlocking 
12.9.1 


The disconnecting device(s) shall be mechani- 
cally interlocked, or both, with all control en- 


closure doors. 


12.10 Operating Handle 


The center of the grip of the operating handle of 
the disconnecting device, when in its highest posi- 
tion, shall not be more than 61% ft. above the floor and 
should not be lower than 3 ft. above the floor. 


12.10.1 


12.10.2 The operating handle shall be so arranged that it 
may be locked in the “off” position. 


12.10.3 When the control enclosure door is closed, the 
operating handle shall positively indicate whether 
the disconnecting device is in the open or closed position. 


13. Protection 


13.1 Scope 


This section shall apply to all machine tools, 
except bench-type machines powered by a single 


13.1.1 


motor rated at 2 hp or less. 


13.2 Control Circuit 


13.2.1 The control conductors shall be protected against 
steady overloads and against short circuits. An 
overcurrent device shall be connected in series with each 
branch control circuit. It shall interrupt 400 per cent of 
rated current in not more than 40 sec. It shall open short 
circuits (more than 10 times rated current) without damage 
to the conductor. 


13.3 Undervoltage 
13.3.1 


Undervoltage protection shall be provided for all 
equipment which might cause damage to the 
machine tool or injury to the operator should a motion be 
initiated upon the return of power after an undervoltage 


condition. 


13.4 Motor Overload 
13.4.1 


a. Each motor shall be protected against running overload 
by the use of an overload device responsive to motor cur- 
rent or to both motor temperature and current. 
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Table 13-l—Number and Location of 
Overload Devices 


Minimum number and 
| location of overload 
Supply system devices 
2-wire, 1-phase a-c or d-c, | 1 in either conductor 
ungrounded 


Kind of 
motor 


| 
1-phase, a-c 
| 
| 


or dec 


1-phase, 


2-wire, 1-phase a-c or d-c, | 1 in ungrounded con- 
or d-c 


one conductor grounded ductor 


3-wire, 3-phase a-c, 
ungrounded 


3-phase, | in any 2 conductors 


2 in ungrounded con- 
ductors 


| 3-wire, 3-phase a-c, one 
conductor grounded 


3-phase, 


3-phase, 3-wire, 3-phase a-c, 2 in any 2 conductors 


grounded-neutral 


Note: For power supply systems not included in the table, refer to National Elec- 
trical Code, Section 430-37. 


b. Table 13-1 shall govern the minimum allowable number 
and location of overload devices. 


13.4.2 Short time rated motors or high reversing duty 
motors which cannot be adequately protected by 
external overload devices shall be protected by a thermal 
overload device mounted in the motor and sensitive to the 
temperature of the motor, or to both motor temperature and 
current. 

In addition, such motors shall be protected against stalled 
conditions by the use of a protective device which is respon- 
sive to motor current, or to both motor temperature and 
current. 


13.5 Branch Circuit Overcurrent 
13.5.1 General 


On a machine tool which has more than one branch cir- 
cuit, an overcurrent device (fuse or overcurrent trip unit 
of a circuit-breaker) shall be placed in each ungrounded 
branch circuit conductor. Circuit-breakers shall open all 
ungrounded conductors of the branch circuit. 

If the values for branch circuit protective devices, as 
determined by Table 13-II, do not correspond to the stand- 
ard ratings or sizes of these devices, the next higher size 
or rating may be used. 


If the machine tool builder furnishes the over- 
current protective device for a branch circuit 
supplying a single motor, it shall be capable of carrying the 
starting current of the motor. Overcurrent protection shall be 
considered as being obtained when the overcurrent device 
has a rating or setting not exceeding the values given in 
Table 13-II1. Where the overcurrent protection specified in 
the table is not sufficient for the starting current of the motor, 
it may be increased to a maximum of 400 per cent of the 
motor full-load current. 


13.5.2 


13.5.3 Two or more motors and their control equipment 
may be connected to a single branch circuit pro- 
vided all of the following requirements are met: 


a. The maximum size of conductor connected to a motor 
controller shall be in accordance with Table 13-III. 

b. The maximum rating or setting of the overcurrent pro- 
tective device shall be determined from the smallest con- 
ductor in the circuit in accordance with Table 13-IV. 





Table 13-lI—Ratings of Overcurrent Devices for 
Various Types of Motors 


Type of motor Per cent of full-load current 


Thermal-magnetic 
circuit breaker 
rating 


rs not included in the 


» National Electrical Code, Fuse 
1 430-153 . 
rating 


Motors marked with Code Letter indicating locked-rotor kva 


All a-c single-phase and polyphase 

squirrel-cage and synchronous motors 
Code Letter A 150 150 
Code Letter Bto E 250 200 
Code Letter F to V 300 250 


Motors not marked with Code Letter indicating locked-rotor kva 


Single-phase, all types 300 250 
Squirrel-cage and synchronous 300 250 
High-reactance squirrel-cage 
Not more than 30 amp 250 250 
More than 30 amp 200 200 
Wound-rotor 150 150 
Direct current 150 150 


Table 13-llI—Maximum Wire Size for 
Given NEMA Starter Size 


Starter size 


Wire size, AWG or MCM 


12 
10 
4 

0 
000 


Fig. 13-1-—- When this method of protection is used, the over- 
current protective device shall not be rated at more than 200 
amp at 250 volts or less, or 100 amp for 251 to 600 volts. 


. Overcurrent protective devices of a lower rating than the 
maximum allowed in Table 13-IV shall be used whenever 
this can be accomplished without 
protective devices. 


requiring additional 


. The motor and controller circuits shall be arranged so 
that a minimum number of branch circuit overcurrent 
protective devices are required. Figs. 13-I, II and III 
show circuits which are acceptable for group protection 
of machine tool motors and controls. Protective inter- 

locks are not shown. 
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Table 13-IV—Relationship Between Wire Size 
and Overcurrent Rating 


Maximum rating of 

Wire size, AWG overcurrent device, amp 
22 8 
Qu 15 
18 25 
16 40 
14 60 
12 80 
10 100 
150 
200 
250 
300 
350 
400 
500 
600 


Fused disconnect 
~ Or circuit breakers 


switches 


AAM Control circuit 
YYY transformer 


reuit 
i gee 
a ( ) Motors 
i | 
Fig. 13-11 — When this method of protection is used, all discon- 
nect devices must be grouped together (Par 12.8.2) and they 
shall all be mechanically or electrically interlocked, or both, 
with the control enclosure door or doors (Par 12.9). Each 
branch circuit shall be considered the same as the circuit shown 
in Fig. 13-I, and is subject to the same limitations. 


Control circuit 


’ transformer 
nn ‘ 


Fig. 13-III — When this method of protection is used, all the 
equipment must be contained in one control enclosure. The 
main breaker must be interlocked with door (Par 12.9) and the 
auxiliary breaker and its branch circuit must be considered the 
same as in Fig. 13-1. Feeder B must have a current-carrying 
capacity of at least one-third that of feeder A. 


NOTE: If a short circuit occurs on a branch circuit pro- 
tected in accordance with any of the above diagrams, 
some controller parts or devices may require maintenance 


or replacement. 


14. Control Circuits 


14.1 Source of Control] Power 
14.1.1 


The source of power for all control circuits shall 
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be taken from the load side of the main disconnecting 
device. 


14.2 Control Circuit Voltages 


14.2.1. The a-c control voltage shall be single phase 
obtained from a transformer with an_ isolated 
secondary winding. 


14.2.2 On 60 cycle applications, the a-c control voltage 
shall be 115 volts. Coils rated at 115 volts, 60 
cycles, may be used on other frequencies (e.g., 50 cycles, 


95 volts). 


14.2.3. The direct current (d-c) 


not exceed 250 volts d-c. 


control voltage shall 


14.2.4 Control voltages other than 115 volts may be used 
where necessary for the operation of electronic, 
precision, static or similar devices used in the control circuit. 
These voltages should be obtained from separate trans- 


formers with isolated secondary windings. 


14.2.5 Exposed, grounded control circuits may be used 
where the low voltage does not exceed 25 volts 
and where the low voltage is isolated from the power supply 
by a two-winding transformer the capacity of which shall 
not exceed 50 va. The primary of such transformers shall 
not exceed 115 volts. 


14.3 Connection of Control Devices 
14.3.1 


a. All electro-mechanical control devices shall have their 
operating coils connected to one side of the control circuit 
with provision for user’s grounding of that side of the line 
at the control circuit transformer. 

Electronic, precision, static or similar control circuits 
which require an ungrounded isolated circuit need have 
no provision for grounding. 


14.3.2 All contacts shall be connected to the other side 
of the line except that overload relay contacts 
may be energized at line voltage through relay contacts. 
ing, provided that the conductors between such contacts and 
coils of the magnetic devices do not extend beyond the con- 


trol enclosure. 


14.3.3 Any electro-mechanical control device having an 
inrush current exceeding 20 amp at 115 volts 
may be energized at line voltage through relay contacts. 


The relay coil shall be connected to the control circuit. 


14.4 Interlocking 


14.4.1 Where there is more than one electrically con- 
trolled or operated device on a machine tool, and 
where possible damage may be caused by the failure of any 
one device to function properly, the circuits shall be ar- 
ranged with protective interlocks. Where practicable, these 
interlocks shall interrupt all provided such 
interruption does not constitute a hazard to the operator or 
cause damage to the work in process. 


14.4.2 


operations, 


Where starting or stopping of devices in improper 
sequence can result in a hazard to the operator 
or damage to the equipment or work in process, circuits 
shall be so arranged as to insure starting and stopping of 
such devices in the proper sequence. For set-up purposes, 
manual means, preferably push-buttons, shall be provided 
to perform individual functions. 


14.4.3 Best efforts shall be made to assure fail safe 
operation in the application of all devices in the 
control circuit(s). 
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15. Control Components 
and Equipment 


15.1 Standards 


Electro-mechanical control devices shall meet the 
requirements of the latest revision of ASA Stand- 
ard C 19.1 (Industrial Control) and NEMA Standard IC 1 
(Industrial Control). 


15.1.1 


15.1.2 All polyphase electro-mechanical starters and 

polyphase contactors shall be in accordance with 
the latest revision of ASA Standard C 19.1 (Industrial Con- 
trol) and NEMA Standard IC 1 (Industrial Control), for 
600 volt service, regardless of voltage applied. 


Control circuit transformers shall meet the re- 
quirements of the latest revision of NEMA Stand- 
ards ST 1 (Specialty Transformers, Machine Tool). 


15.1.3 


15.1.4 Electronic, precision, static or similar devices 
used for control which do not come within the 
scope of the above standards shall be of the currently ac- 


ceptable quality for the application. (See Appendix D.) 


15.2 General 


All panel mounted control devices shall be front 
connected and should be front wired. Exception 
may be made when the only commercially available equip- 
ment does not meet these requirements. 


15.2.2 


15.2.1 


Convenient means for wiring shall be provided on 
or adjacent to all control devices mounted in the 
control enclosure. 


15.2.3 All control device coils shall be marked with 

maker’s name or trademark, ordering number, 
and applicable descriptive electrical specifications, where 
size permits. 


15.2.4 Sub-panels with concealed or inaccessible internal 
wiring or components may be used. Where used 
they shall be mounted and wired so as to be readily remov- 


able for rapid replacement or bench repair. 


All electronic, precision, static or similar devices 
shall be marked with manufacturer’s name or 
trademark, ordering number, and applicable descriptive 
electrical specifications (e.g., voltage, frequency, current, 
etc.). When the device is too small to mark, a location 
diagram should be made a permanent part of the sub- 


15.2.5 


assembly. 


15.3 Electro-Mechanical Motor Starters 
15.3.1 


Across-the-line starting shall be employed for all 
alternating current motors, except when machine 


tool requires limited accelerating torque. 


Alternating current starters shall open all of the 
power conductors leading to associated motors. 


15.3.2 


15.3.3 Where machine operation requires a starter to 
repeatedly open stalled motor current, such as in 
plug-stop or jogging (inching) duty, the starter shall be 
de-rated in accordance with the latest revision of NEMA 


Standard IC 1 (Industrial Control). 


Several motors may be controlled by one starter 
if a separate overload device is provided for each 
motor, and the horsepower rating of the starter is not 
exceeded. 


15.3.4 
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16. Control Enclosures 
and Compartments 


16.1 Enclosure and Compartment 
Construction Details 


16.1.1 


a. Enclosures or compartments shall be non-ventilated and 
oil-tight except as permitted in Paragraph b. There shall 
be no unfilled holes in the enclosures for mounting the 
enclosure or mounting controls within the enclosure. 
Ventilated enclosures or compartments of splash-proof or 
better construction may be used for equipment normally 
requiring ventilation. 


16.1.2 


Compartments: for built-in control shall be com- 
pletely isolated from coolant and oil reservoirs. 
The compartment shall be readily accessible and completely 
enclosed; it shall not be considered enclosed if it is open to 
the floor, the foundation upon which the machine tool rests, 
or to other compartments of the machine tool which are not 
clean and dry. 


16.1.3 The walls of enclosures or compartments shall be 
not less than No. 14 USS gage if of sheet steel, 
not less than 1x4 in. if of cast metal, or not less than “$2 in. 


if of malleable iron. 


16.1.4 The height and width of the door opening shall 
be at least 1 in. greater than the corresponding 
height and width of the control panel to be enclosed. The 
depth of the enclosure or compartment shall not be less than 
the maximum depth of the control devices plus the required 


electrical clearances. 


16.2 Doors and Fasteners 
16.2.1 


All enclosures or compartments shall have hinged 
doors which swing about a vertical axis and shall 
be held closed with captive fasteners or vault type hardware. 
The thickness of the door shall not be less than that speci- 
fied for walls and the width shall not exceed 36 in. 


16.3 Gaskets 


16.3.1 All doors or covers of electric al enclosures and 
compartments shall have gaskets of an oil-resist- 
ant material at least “46 in. thick. which shall be firmly 


attached to the cover or enclosure. 


16.4 Data Pocket 


\ permanent metal data pocket shall be attached 
to the inside of the enclosure or compartment. If 
space permits it should be at least 101% in. wide. 


16.4.1 


17. Location and mounting of 
Control Equipment 


17.1 General 


All control equipment and terminals should be 
kept above the operating floor line of the machine 
as much as practicable and made as readily and safely 
accessible as possible. 


17.1.2 


17.1.1 


Control equipment shall not be mounted in a 
position that will interfere with machine adjust- 
ments or maintenance of hydraulic or mechanical equipment, 
or vice versa. 
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Devices for controlling air, hydraulic and mechan- 
ical apparatus shall not be located in the same 
enclosure or compartment with electrical controls. 


17.1.4 Hydraulic, lubricating oil or air lines shall not 
enter the electrical enclosures or compartments. 


17.1.3 


17.2 Control Panels 


All control devices normally panel mounted for 
any one machine should be mounted in one en- 
closure or compartment. When more than one enclosure is 
required, these should be grouped together and located in 


17.2.1 


one area. 


17.2.2 All front-of-board mounted starters, contactors 

and other control devices shall be mounted on 
a rigid panel. Each device in turn shall be mounted with 
machine screws with American National Thread so any unit 
can be replaced without removing the panel. Lock washers 
should be used. Self-tapping sheet metal screws shall not 
be used. 


17.2.3 Any device or devices mounted on the control 

panel carrying line voltage, or a combination of 
line voltage and control voltage, shall be grouped above or 
to the side of devices which carry only the control voltage. 
This need not apply when the line voltage is 115 volts. 


17.3 Control Panel Enclosure 


17.3.1 The enclosure shall be mounted in such a manner 
and position as to guard it against oil, dirt, cool- 
ant and dust and so as to minimize the possibility of damage 


from floor trucks or other moving equipment. 


17.3.2 The panel shall not be set to such depth from 
door frame or other projecting portion of machine 


as to interfere with inspection and servicing. 


17.3.3 


No portion of the machine immediately above the 
door opening and less than 6 ft from the floor 
should project more than 6 in. beyond the door frame. 


17.4 Clearances in Enclosures 
17.4.1 


Enclosures or compartments for mounting control 
panels shall provide ample room between panel 


and case for proper maintenance and wiring to terminals. 


17.4.2 Exposed non-arcing current-carrying parts within 
an enclosure or compartment shall have an air 
space between them and the uninsulated walls of the en- 
closure or compartment, including the conduit fittings, of at 
least 14 in. for 250 volts or less and at least 1 in. above 
250 volts. When barriers between metal enclosures or com- 
partments and arcing parts of control are required, they 
shall be of insulating materials which will not readily 


carbonize. 


17.5 Machine Mounted Components 
17.5.1 


Control equipment such as limit switches, brakes, 
solenoids, position sensors, etc., shall be mounted 
rigidly in a readily accessible and reasonably dry and clean 
location, and free from possibility of accidental operation by 
normal movement of machine components or operator. Such 
equipment shall be mounted with enough clearance from 
surrounding surfaces so as to make removal and replace- 
ment easily possible. 


17.5.2 All limit switches or position sensors shall be 
installed so that accidental over-travel will not 


damage them. 


17.5.3 


Solenoids shall be accessible and shall not be sub- 
merged in oil unless such oil is required for the 
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proper operation of the solenoid and the solenoid is sealed 
in an integral container. 


18. Operator's Control 
Stations and Equipment 


18.1 Pushbutton, Selector Switch and 
Indicating Light Specifications 


18.1.1. All pushbutton and selector switch operators and 
indicating lights shall be of the oil-tight type, 


except as provided for on pendant stations, paragraph 18.5.1. 


18.1.2 


Individually mounted drum type switches and 
toggle switches should be oil-tight. 


18.1.3 


Emergency operators shall be of the palm or 
mushroom type. 


18.1.4 


The following color coding is preferred: 
Stop—Red. Return—Yellow. 


18.2 Fixed Stations 


Fixed control stations shall be dust, moisture and 
oil-tight. 


18.3 Arrangement of Control Station 
Components 


18.3.1 All start buttons shall be mounted above or to 
the left of their associated stop buttons. This does 
not apply to start buttons in series such as operating buttons 


on punch presses. 


18.3.2 


Nameplates shall be located so they can be easily 
read by the machine operator. 


18.4 Location of Control Stations 


18.4.1 All stations shall be mounted in a_ reasonably 
clean and dry location. 


18.4.2 Controls shall be within easy reach of the ma- 
chine operator, and shall be placed so that the 
machine operator does not have to reach past spindles or 


other moving parts which might cause injury. 


18.4.3 Controls shall be free from possibility of acci- 
dental operation by 


machine or operator. 


normal movement of the 


18.5 Pendant Stations 


Pendant stations should use oil-tight controls and 
enclosures ; 


18.5.1 
however, where size and weight be- 
come impractical, non-oil-tight controls and general purpose 
enclosures may be used. 


18.5.2 


Emergency stop controls may use a wobble stick 
or rod operator at the bottom of the station. 


18.5.3 


For grounding provisions, see Paragraph 24.4.1. 


19. Electrical Accessories 


19.1 Plugs and Receptacles 
(External to Control Panel) 


19.1.1 Plugs and receptacles shall be of a locking type 
to prevent accidental disconnections and of a type 
approved for the voltage applied. When used on 300 volts 
or over they shall be skirted and so constructed that the 


prongs are not exposed and any arc will be contained. They 


JUNE 1960 


shall be provided with gaskets to prevent entrance of oil or 
moisture when in operating position, and means should be 
provided to effectively seal the receptacle whenever the plug 
is removed. 


19.1.2 The construction of plugs and receptacles shall be 

such that if a grounding connection is provided, it 
will be automatically made before any live connections are 
made and will not be broken until all current-carrying con- 
ductors of the plug circuit are dead. Where one prong of a 
plug is marked “ground,” it shall not be used as a current- 
carrying part. 


19.2 Control Panel and Machine Work Lights 


19.2.1 The lighting circuit voltage shall not exceed 150 


volts between conductors. 


19.2.2 


Lights shall be supplied from one of the following 
sources: 


a. A separate isolating transformer connected to the load 
side of the machine tool disconnecting device. 

b. The 115 volt machine tool control circuit. 

c. The plant lighting circuit when lights are required when 
the machine power supply is disconnected. 


19.2.3 The conductors to stationary or built-in lights 
shall conform to paragraphs 20.1.la and 20.1.1b 
and the wires within the fixtures shall not be smaller than 


No. 18. 
19.2.4 
19.2.5 
19.2.6 


Flexible cords shall conform to paragraph 20.1.5. 
For grounding provisions see paragraph 24.2. 


Incandescent lampholders shall be of the medium- 
base screwshell type and shall be switchless or 
of push-through switch types, rated at 660 watts, 250 volts. 
The lampholders shall not incorporate a receptacle for at- 
tachment of portable cords. 


19.2.7 


Stroboscopic effects from lights shall be avoided. 


20. Conductors 


20.1 Wire Specifications 
20.1.1 


a. Conductors shall be annealed copper, all sizes being 
stranded Class B, Class C or Class D as ordered, to the 
latest revision of ASTM Standard Designations B 8 or 
B 174. 

. The conductor insulation material shall be a thermoplastic 
compound with a thickness not less than or a maximum 
diameter greater than specified in Table 20-1. It shall be 
water and oil resisting, flame retardant, synthetic material 
such as polyvinyl compounds, meeting the physical and 
electrical requirements of the latest revision of ASTM 
Standards Designation—D 734, with a temperature rating 
of at least 80 C (176 F) in air, and 60 C (140 F) in the 
presence of water, oil or coolant, for a single conductor. 

». There shall be no additional covering over the thermo- 
plastic insulation. Any surface lubricant shall not flake 
off. Fumes, if any, from such surface lubreant shall not 
affect insulation, conduits, coils or contacts on electrical 
equipment in which or near which it is used. 

. Where size permits, the insulation on wire shall have a 
readily identifiable continuous permanent marking to 
indicate machine tool wire, voltage, size and the manu- 
facturer. In all cases the spool shall also be marked or 
tagged with maximum working voltage, the words “Na- 
tional Electrical Code Standard,” and marked as having 
Underwriters’ approval for use in wet and oily locations. 
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20.1.2 


Wires used to connect electronic, precision, static 
or similar devices or panels shall consist of 
stranded tinned copper with thermoplastic insulation or 


better. Insulation less than *%; in. thick may be used. 


20.1.3 A metallic shielded cable, single or multiple con- 
ductor, shall consist of stranded tinned copper 
wire or wires with thermoplastic insulation. The metallic 
shield shall be protected with an oil and moisture resistant 


covering, such as vinyl plastic or better. 


20.1.4 Special wiring, such as RGU transmission line 
cables and twin leads, may be used when neces- 


sary for proper functioning of equipment. 


20.1.5 Multi-conductor cables shall be of an Under- 


writers’ Laboratories approved industrial type, oil 
resistant, extra flexible, non-metallic covered. 


20.1.6 


Mineral insulated metal sheathed cable (MI) may 
be used. 


Table 20-I—Thickness of Thermoplastic 
Conductor Wire Insulation 


Insulation thickness, 
Wire size, AWG 64ths in. Maximum OD, in. 
22 
20 
18 
16 
14 
14 
12 
12 
10 
10 


0.087 
0.096 
0.110 
0.130 
0.147 
0.178 
0.166 
0.197 
0.190 
0.221 

0.252 
0.283 
0.321 

0.370 
0.402 
0.432 
0.513 
0.546 
0.593 
0.645 
0.702 


2 
2 
2 
2 
2 
3 
2 
3 
2 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 


oooo-NMWSLO ODD 


>wn 


Table 20-lI—Conductor Current-Carrying 
Capacity 


Wire Size, Rating, 


Wire size, Rating, 
AWG amp 


AWG or MCM amp 


22 116 
20 132 
18 156 
16 172 
14 192 
12 208 
10 224 
8 256 
6 284 
4 308 
3 320 
2 328 
1 348 
0 364 


20.2 Insulation Voltage Ratings 
20.2.1 


All conductors in raceways shall have insulation 
with a minimum rating of 600 volts. 


20.2.2 In multi-conductor cables where none of the con- 
ductors are carrying power and where no voltage 
exceeds 300 volts, conductors may have 300-volt insulation. 
20.2.3 On the internal wiring for electronic, precision, 
static or similar devices, wire shall have insulation 
adequate for the maximum voltage on that wire. In no case 
shall less than 300-volt insulation be used. 


20.3 Current-Carrying Capacity 
20.3.1 


The current carried by conductors, with ambient 
temperature not greater than 40 C, shall not ex- 
ceed the capacities specified in Table 20-II. These capacities 
have been derated for the number of wires in raceways ac- 
cording to Table 22-1. 


20.4 Minimum Size of Conductors 
20.4.1 


Power and control conductors on or in machine 
tools shall not be smaller than No. 14 AWG, 
except as follows: 

a. Copper conductors in flexible non-metallic covered multi- 
conductor control cable to continuously moving parts may 
be No. 16 if all such conductors are insulated for the 
maximum voltage on any conductor in the cable. 

b. Copper conductors used to connect electronic, precision, 
static or similar devices shall not be smaller than No. 22 
AWG for internal connections, and shall not be smaller 
than No. 18 AWG for external connections. 


20.5 Printed Circuit Boards 


20.5.1 ~~ ‘Printed circuit boards with copper laminated on 


one or both sides may be used in place of con- 
ventional wires within electronic units. 
20.5.2 


Printed circuit boards shall be flame-retardant 


and not less than g¢ in. thick. 


20.5.3 Copper shall be 100 per cent International An- 
nealed Copper Standard (IACS) and no thinner 


than 2 oz per sq ft (copper 0.0027 in. thick). 


Table 20-ilI—Printed Circuit Current-Carrying 
Capacity 


Line width, in. Amperes Ohnss /in. 
4 3 0.0009 
g 45 0.0018 
16 0.75 0.0035 
32 


/ 0.40 0.0070 


Table 20-IV—Printed Circuit Line Separation 


Voltage Minimum line separation 
0 — 150 incl. 
Above 151 
Above 301 
Over 500 


1/32 in. 

1/16 in. 

1/8 in. 

0.0003 in. per volt 


300 incl. 
500 incl. 


ELECTRICAL MANUFACTURING 





20.5.4 


Currents for 0.0027 in. thick copper shall not ex- 


ceed values shown in Table 20-III. 
Line width shall not be less than %42 in. 


20.5.5 
20.5.6 


Line separation shall be in accordance with Table 
20-1V. 
Sharp corners should be avoided. 


20.5.7 
20.5.8 


21. Wiring Methods 


and Practices 
21.1 General 


All wires shall be identified at each termination 
by marking them with numbers to correspond 
with those on the diagrams and shall be color coded as 


follows: 


a. Black 


Printed circuit boards should be protected. 


21.1.1 


Line, load and control circuit at line voltage. 

b. Red—a-e control circuit. 

c. Blue—d-e control circuit. 

d. Yellow—Interlock control circuit on the panel energized 
from external source. 

e. Green—Equipment grounding conductor. 

f. White—Circuit grounding conductor. 


NOTE: Deviations from this code may be made on: 

1. Internal wiring on individual devices purchased com- 
pletely wired. 

2. Where insulation is used that is not available in the 
colors required. 
Where multi-conductor cable is used. 
Wire used to connect electronic, precision, static or 
similar devices or panels. 


21.1.2 Wires and cables shall run continuously from one 
piece of electrical equipment to another without 


any splice in conduit or junction boxes. 


21.1.3 


Taped connections shall be covered with oil re- 
sistant adhesive tape. 


21.1.4 All terminals on terminal blocks shall be plainly 
marked to correspond with the markings on the 


electrical diagrams. 


21.2 Panel Wiring 


wires shall be supported 


Panel 


where necessary to keep them in place. 


21.2.1 mechanically 
Panel 
wireways may be used and they shall be made of a flame- 
retardant insulating material. 


21.2.2 All control panels shall be front connected except 
such as are not commercially available for front 
connection. For back-connected panels, access doors or 
swingout panels which swing about a vertical axis shall be 


furnished. 


21.2.3 Multiple-device control panels shall be equipped 
with terminal blocks or with plugs and_ recep- 


tacles for all outgoing control wires. 


21.3 Machine Wiring 
21.3.1 


All wiring and wiring connections external to the 
control panel enclosure shall be totally enclosed 
in suitable raceways or enclosures as described in Section 22, 


except as otherwise permitted in the following paragraphs. 


21.3.2 Liquid-tight flexible metal conduit or multi-con- 
ductor cable shall be used where necessary to 
employ flexible connections to pendant pushbutton stations. 
The weight of pendant stations shall be supported by means 


other than the flexible conduit or cable. 
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Liquid-tight flexible metal conduit and fittings 
shall be used for connections involving small or 
infrequent movements. They shall also be used to complete 
the connection to normally stationary motors, limit switches, 
and other externally mounted devices for which the length 
shall not exceed 3 ft. 


21.3.3 


21.3.4 Wiring connection to continuously moving parts 

of machine tools shall be multi-conductor cable 
or liquid-tight flexible conduit, with extra-flexible conductors. 
Flexible cable and conduit shall have vertical connections 
and shall have sufficient slack to avoid sharp flexing and 
straining. Horizontal connections are acceptable only if 
flexible cable or conduit is adequately supported. 


21.3.5 When flexible conduit or cable is adjacent to 

moving parts, the construction and the supporting 
means shall be such that there will be a space of at least 
1 in. between any moving parts and the flexible conduit or 
cable under all conditions of operation, or barriers shall be 
provided. 


21.3.6 All conductors of a power circuit shall be con- 
tained in the same raceway. So far as is prac- 
ticable, all conductors of any individual control circuit shall 


be contained in the same raceway. 


21.3.7 Conductors carrying a-c and conductors carrying 
d-c, or carrying different voltages, may occupy 
the same raceway if they are all insulated for the maximum 


voltage of any conductor in the raceway. 


21.3.8 Where a device is removable, it may be connected 

through a polarized plug and receptacle, provided 
a ground connection is used. The male plug shall be con- 
nected to the load circuit. 


21.3.9 When a machine tool is so constructed that wir- 

ing must be disconnected for shipment, terminal 
blocks in an accessible enclosure or plugs and receptacles 
shall be provided at the sectional points. 


21.3.10 All sharp edges, burrs, rough surfaces, or threads 
with which the insulation of the wire may come 
in contact shall be removed from raceways and fittings. 


21.3.11 


Raceways should be so arranged as to drain oil 
or moisture to convenient points, where 14 in. 


openings should be provided. 


21.3.12 All fittings used with raceways or multi-conductor 
cable shall be liquid-tight. 


21.3.13 Entrances for raceways and multi-conductor cables 
should be located in the sides, back or bottom of 
enclosures or compartments. 


21.3.14 Proper provisions shall be made for termination 

of shielded wires. Shielding shall be terminated 
in a manner to prevent fraying of strands. The shield con- 
nection shall be easily removable. 


21.4 Electrical Connections 
21.4.1 


All connections shall be made using one of the 

following: 

a. Underwriters’ Laboratories approved pressure connectors. 

b. Screw or bolt connections where the wire is retained (e.g., 
saddle, cup washer, etc.). 

c. Solder connections as covered under 21.4.2. 


21.4.2 Solder connections are acceptable only for internal 
connections of a subassembly which can be re- 


moved for bench service. 


21.4.3 Solder connections shall conform to the following: 
a. Non-corrosive flux, such as rosin, shall be used. 





b. All parts shall be “tinned” before soldering unless the 
part is specifically plated to insure a good soldered joint 
(e.4, “AN” type connectors having gold-plated contacts). 

c. A minimum amount of solder shall be used on all connec- 
tions except tubular or cup-type terminals. For tubular 
or cup-type terminals, the cavity shall be filled with solder. 

d. Insulation shall not be damaged by soldering. 

e. Components which may be damaged by heat when solder- 
ing shall be suitably shielded from the heat during the 
soldering operation. 


22. Raceways and 


Junction Boxes 
22.1 Rigid Metal Conduit 


Rigid metal conduit shall be of a corrosion re- 


22.1.1 


sistant type approved by Underwriters’ Labora- 


tories 


Table 22-lI—Number of Conductors in 
Conduit or Wireway* 


Conduit-C 
ot Wire- 
way-W = Normal run, with fittings** 


No. 14 wire, %« in. insulation, max. OD 0.178 in. 
Short, straight runs*** 


Recom- 
Size mended 


Recom- 


Maximum mended Maximum 


5 6 7 

9 11 14 
14 17 20 
24 30 35 
33 41 47 
54 68 716 
77 96 105 
120 148 160 
144 176 194 
160 191 211 
200 240 266 
260 302 334 
320 368 368 408 
400 462 462 513 
465 522 522 580 
580 650 650 723 


No. 14 wire, ’ in. insulation, max. OD 0.147 in. 


7 9 9 11 
13 16 16 19 
20 25 25 30 
35 44 44 52 
48 60 60 69 
719 99 99 112 

113 140 140 154 
174 212 212 235 
210 260 260 286 
230 279 279 308 
300 352 352 390 
375 442 442 489 
410 540 540 598 
585 676 676 750 
680 760 760 845 
850 955 955 1050 


Aws 
os 
an 


A AA 


xx AX AS 
AY 


xXx AX AKA 


. 


> 
’ 


OOUNEawWWWHN= = = 


<€ € < 


* When wires larger than No. 14 are used, determine equivalent number of No. 14 
wires by multiplying number of wires of sizes larger than No. 14 by conductor 
equivalent from Table 22-1]. Add the result to the number of No. 14 wires and use 
total for selecting size of conduit. 

** Normal run with straight, right angle and/or other fittings 

*** Short, straight runs not exceeding 10 ft. and no fittings other than bushings. 
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Table 22-lI—Conductor Equivalent Table 


Equivalent 


No. 14- 
2%. in. 
insulation 
wires 


Equivalent 
No. 14- 
Yea in. 
insulation 
wires 


Insulation Max 
Conductor | thickness, OD, 
size 64ths in. in. 


14 
14 


0.147 0.68 
0.178 1 

0.166 0.87 
0.197 
0.190 
0.221 
0.252 
0.283 
0.321 
0.370 
0.402 
0.432 
0.513 
0.546 
0.593 
0.645 
0.702 


—_ 
bwWo=wwuoir>io 
HAUWAOBUOWNMWY 


ViUVUU a PPR RWWNHWDHW PO 
—_ | | 
WOON DADEWWNHA AHH = 


ah ok ot 


~~ 
w 


22.1.2 


No conduit smaller than 1% in., electrical trade 
size, shall be used. 


22.1.3 Unless structural difficulties prevent, fittings shall 
be threaded and shall have strength comparable 


to that of the conduit. 


22.1.4 


Running threads shall not be used on conduit for 
connection at couplings. 


22.1.5 All conduits shall be securely held in place and 
supported at each end. Where threadless fittings 
must be used due to difficulty in assembly, conduit shall be 
so fastened to the machine that it cannot be accidentally 


pulled out of the fitting. 


22.1.6 


The number of wires used in conduits shall not 
exceed the values listed in Tables 22-I and 22-II. 
29 37 Where a conduit enters a box or other fitting, a 
bushing shall be provided to protect the wire from 
abrasion unless the design of the box or fitting is such as to 
afford equivalent protection. For 144 in. and larger con- 
duit, the wires shall be protected by a bushing providing 
a smoothly rounded insulating surface. -If conduit bushings 
are constructed wholly of insulating material, a locknut shall 
be provided both inside and outside the enclosure to which 
the conduit is attached. 


22.1.8 Bends of rigid conduit shall be so made that the 
conduit will not be injured, and that the internal 
diameter of the conduit will not be effectively reduced. The 
radius of the curve of the inner edge of any bend shall not 


be less than shown in Table 22-III. 


22.2 Liquid-Tight Flexible Metal Conduit 
22.2.1 


Liquid-tight flexible metal conduit shall consist 
of an oil-resistant, liquid-tight jacket or lining 
in combination with flexible metal reinforcing tubing. 


22.2.2 Fittings shall be of metal and shall not separate 
from the conduit under tests prescribed by the 


Underwriters’ Laboratories for flexible conduit. 
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Table 22-lliI—Minimum Radii of Conduit Bends 


Nom size of conduit, in. 


Radius of conduit bends, in. 


The number of wires used in liquid-tight flexible 


22.2.3 


metal conduit shall not exceed the values listed 
in Tables 22-I and 22-II. 


22.2.4 No liquid-tight flexible metal conduit 


than 14 in., electrical trade size, shall be used. 


smaller 


22.3 Compartments and Raceways 
22.3.1 


Compartments or raceways within the column or 
base of a machine tool may be used to enclose 
conductors provided the compartment or raceway is _iso- 
lated from coolant and oil reservoirs and is entirely en- 
closed. Conductors run in enclosed compartments and race- 
ways within the base or column of a machine tool shall 
be secured and so arranged that they will not be subject 
to mechanical damage or abrasion. General-purpose flexible 
conduit may be used as additional protection in compart- 
ments and raceways if fastened at each end to a junction 
box. 


22.4 Junction Boxes 
22.4.1 


Junction boxes shall not have extra knockouts 
and shall be provided with gasketed covers. 


22.4.2 


Mounting means external to the junction com- 
partment should be provided. 


22.4.3 Motor terminal boxes shall not be used as gen- 
eral purpose junction boxes for wiring to solenoid valves, 
limit switches, etc. Terminals for motor mounted devices 
such as brakes, thermostats, plugging switches, or tachom- 
eter generator may be connected in the motor terminal 
box. 


22.5 Wireways 


22.5.1. Exterior horizontal wireways may be used when 


rigidly supported above and clear of all operating or con- 
taminating portions of the machine tool. 


22.5.2 


Metal thickness shall be a minimum of 0.075 in. 
(No. 14 USS gage). 


22.5.3 Covers shall be on top of wireway and shaped so 
as to overlap sides. Covers shall be attached to 
wireway by hinges and held closed by means of captive 


screws or other suitable fasteners. 


22.5.4 


If wireway is furnished in sections, the joints 
between sections shall fit tightly, including covers. 


22.5.5 Only such openings as are required for wiring 
the equipment shall be provided. Wireways with 


unused knockouts will not be acceptable. 


JUNE 1960 


22.5.6 Corners, bends, edges, etc., shall have all burrs 
Additional protection shall be pro- 
vided for conductor insulation at all sharp corners. Such 
protection may consist of fiber, plastic, or other material 
covering the edge or corner with sufficient radius to pre- 
vent piercing of conductor insulation. 


removed. 


22.5.7 The number of wires used in wireways shall 
not exceed those shown in Tables 22-I and 22-II. 


23. Motors 


23.1 Standards 


Motors shall meet the requirements of the latest 
revisions of ASA Standards C 6.1 (Terminal 
Markings for Electrical Apparatus), C 50 (Rotating Elec- 
trical Machinery), and NEMA Standards MG-1 (Motors 


and Generators). 


23.1.2 


23.1.1 


Other rotating equipment (e.g., tachometers, syn- 
chros, resolvers, etc.) used with electronic, pre- 
cision, static or similar devices, and which do not come 
within the scope of the above standard, shall be of the cur- 
rent acceptable quality for the application. 


23.2 Type of Motor 


23.2.3 The type of motor enclosure to be used shall 
be determined by the machine tool builder, unless 
otherwise specified. 


23.2.2 All single speed motors, 14 hp and larger, shall 
be dual voltage 220/440 volts polyphase motors 
if commercially available, unless another voltage is speci- 


fied. 


23.3 Mounting of Motors 


Each motor shall be mounted where it is access- 
ible for maintenance and is not subject to damage. 


23.3.1 


23.3.2 The motor mounting arrangement shall be such 
that all motor hold down bolts can be easily 
removed and replaced and conduit boxes easily reached. 
Except when bearings are permanently sealed, provision 
shall be made for easily lubricating both bearings. Motors 
with permanently sealed bearings shall be so indicated on 
a nameplate. 

23.3.3 Motor compartments shall be clean and dry and 
adequately vented directly to the exterior of the 
equipment. All openings shall be of such height above 
the floor and be protected to such an extent that dirt, 
chips, ete., cannot enter at such times as the floor is 
swept or washed or the equipment is cleaned. Unless other 
compartments meet the requirements of the motor compart- 
ment, there shall be no openings of any kind between the 
motor compartment and any other compartment of the 
equipment. If a conduit or pipe is run into the motor com- 
partment from another compartment not meeting the motor 
compartment requirements, any clearance around the con- 
duit or pipe shall be sealed. 


23.3.4 All rigidly coupled foot-mounted motors shall 

be properly aligned and doweled in place. Motor 
mounting plate shall be of such dimensions that if height 
of motor from bottom of foot to center line of shaft is the 
maximum permitted by NEMA standard dimensions, motor 
can be inserted without fitting. 


Flange-mounted motors need not be doweled if 
otherwise positively held in alignment. Type D 
flange motors should be used in preference to other types 
of flange motors wherever possible. 


23.3.5 
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23.4 Direction Arrow 


The machine tool builder should provide a direc- 
tion arrow to indicate proper direction of rotation 


23.4.1 


of each motor. 


23.5 Balance 


Static and dynamic balance and noise control 
shall be limited to elimination of machine trouble 


from these sources. Spec ially balanced motors shall be so 


23.5.1 


indicated on a nameplate. 


24. Grounding 


24.1 Control Circuits 


Provision should be 
side of the control circuit to the machine. The 
wiring diagram should show the location of the grounding 
connection with the notation: “To be grounded by user if 
conditions permit.” It shall then be the responsibility of the 
user to ground the circuits if the local Electrical Code so 


made for grounding one 


24.1.1 


requires. 


24.1.2 Exposed control circuits operating at 25 volts or 
less shall be grounded. (See paragraph 14.2.5) 
24.2 Lighting Circuits 
24.2.1) 9 One conductor of a machine lighting circuit shall 
be grounded. 
24.2.2 If the machine lighting circuit is taken from the 


plant lighting circuit, the insulation of the 


grounded conductor shall be white. 


24.3 Stationary Equipment 


24.3.1 All exposed non-current-carrying metal parts of 


control enclosures, motors, conduits, control sta- 
tions and other devices and accessories shall be grounded. 


24.3.2 


Where enclosures of controls or other electrical 
devices are not mounted on the equipment, they 
shall be grounded by the user. 


24.3.3 


All equipment -on resilient mountings shall be 
grounded. 


24.4 Portable and Pendant Equipment 
24.4.1 


be grounded to the machine tool. 


All portable accessories or pendant stations shall 


24.5 Methods of Grounding 


24.5.1 A copper or other corrosion-resistant conductor 

shall be used for grounding purposes. If a con- 
ductor other than copper is used, its electrical resistance 
per linear foot shall not exceed, and its tensile strength 
shall not be less than, that of the allowable copper con- 
ductor. 


24.5.2 Grounding by attaching the device to the equip- 
ment with bolts or other approved means shall 
be considered satisfactory if all paint and dirt are removed 
from joint surfaces. Moving machine parts, other than re- 
movable accessories or attachments, having metal-to-metal 


bearing surfaces shall be considered as adequately grounded. 


24.5.3 Portable, pendant and resilient mounted equip- 
ment shall be grounded by separate conductors. 
If multi-conductor cable is used for portable or pendant 
equipment, the grounding conductor shall be included as 


one conductor of the cable. 
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Raceways shall not be used for grounding. 


24.5.4 


24.6 Equipment Grounding Conductors 
24.6.1 


conductors may be in- 
protected from 


Equipment grounding 

sulated or bare and shall be 
mechanical injury by means equivalent to those provded for 
live conductors. If an insulated equipment grounding con- 


ductor is used, the insulation shall be green. 


24.6.2 


The size of the equipment grounding conductor 
shall be as shown in Table 24-I. Column “A” 
indicates maximum capacity in amperes of the automatic 
over-current protective device in the circuit ahead of the 
equipment. 


Table 24-I—Size of Equipment Grounding 
Conductors 





Column “A", amp Copper wire size, AWG 


20 14 or 16* 





30 14 
40 12 
60 10 
100 8 
200 6 
400 S 
600 2 
800 0 
1000 00 
1200 000 
* No. 16 wire will be permitted only in multiconductor cable 


25. Testing 


25.1 High Voltage Tests 


When all wiring on the machine is completed, 

the following tests should be made: 

a. Test each circuit to ground. 

b. Test voltage shall be applied for one second for each 
circuit in accordance with Table 25-I. 


25.1.1 


Table 25-I—High-Potential Test Voltages 





Circuit voltage Test voltage 


110 1250 


208 & 220 1470 
380 1800 
440 1920 
550 2150 


See note 


Odd voltage 





Note: test voltages (twice normal voltage -+- 1000) (0.85) (1.20). 


25.1.2 Devices which do not fall within the scope of In- 
dustrial Control Standards (e.g., meters, recti- 
fiers, lamp holders, snap switches, electronic equipment, 
etc.), and which require lower test voltages than specified 
above, should be disconnected before high voltage tests 
are made. 
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__Appendix A—typical Graphical Symbols for Electrical Diagrams 


For symbols not shown, refer to American Standard Y32.2 
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Typical Device Designations for Electrical Diagrams 
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The 


4+ He 


For designations not shown refer to 


VEMA Standard IC 1 


device designations given here are 


intended for use on diagrams in connec- 
tion with the corresponding graphical sym- 
bols to indicate the function of the 


par- 
ticular 


device. These device designations 
are based on the assignment of a standard 
letter or letters to the fundamental func- 
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tion performed by a component device. 
Suitable prefix numbers (1, 2, 3, 4, etc.) 
and suffix letters (A, B, C, D, etc.) may 
be added to the basic designation to dif- 
ferentiate between performing 
similar functions. 

The assignment of a designation to a 
device on a specific equipment is governed 
by the function of that device on that par- 
ticular equipment and not by the type or 
nature of the device or its possible use for 
other functions in other equipment. The 
same type of device may perform different 
functions on different equipments or even 
on the same equipment and, consequently, 
may be identified by different designations, 


devices 


Device Designation 
Accelerating 

contactor or relay A 
Ammeter AM 
Brake relay B 
Capacitor CAP 
Circuit breaker CB 
Circuit interrupter cI 
Clamp CLA 
Control relay CR 
Counter voltage CV 
Current transformer CT 
Disconnect switch DISC 
Down D 





Ambient temperature. Ambient temper- 
ature is the temperature of the surround- 
ing cooling medium, such as gas or liquid, 
which comes into contact with the heated 
parts of the apparatus. 


Branch circuit. A branch circuit is that 
portion of a wiring system extending be- 
yond the final overcurrent device protect- 
ing the circuit. (A device not approved for 
branch circuit protection, such as a ther- 
mal cutout or motor overload protective 
device, is not considered as the overcur- 
rent device protecting the circuit.) 


Circuit breaker. A circuit breaker is an 
automatic device designed to open (under 
abnormal conditions) a current-carrying 
circuit without injury to itself. 


Circuit interrupter. A circuit interrupter 
is a manually operated device designed to 
open (under abnormal conditions) a cur- 
rent-carrying circuit without injury to it- 


self. 


Conduit. A conduit is a tubular raceway 
for holding wires or cables which is de- 
signed expressly for, and used solely for 
this purpose. 


Control circuit. A control circuit is the 
circuit used for the operating control 
of the machine tool as distinguished from 
the circuits used for supplying power to 
motors or devices requiring a continuous 
or inrush volt-amperage of more than 2300. 


Control circuit transformer. A control 
circuit transformer is a voltage transformer 
utilized to supply a voltage suitable for 
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Drum switch DSW 
Dynamic braking 

contactor or relay DB 
Electronic tube ET 
Field accelerating 

contactor or relay FA 
Field decelerating 

contactor or relay FD 
Field-loss contactor or relay FL 
Field weakening FW 
Float switch FTS 
Flow Switch FWS 
Forward F 
Full-field contactor or relay FF 
Fuse FU 
Ground GRD 
Indicating Light IL 
Jog J 
Limit switch LS 
Magnetic brake MB 
Magnetic clutch MC 
Motor MOT 
Motor circuit switch MCS 
Motor starter contactor MSC 
Overload relay OL 
Plug PL 
Plugging switch PLS 
Potentiometer POT 
Power contactor PC 
Pressure switch PS 


fi p pend Ix C—clossary 


the operation of shunt coil magnetic de- 
vices. 


Control circuit: voltage. The control 
circuit voltage is the voltage provided for 
the operation of shunt coil magnetic 
devices, 


Control compartment. A control com- 
partment is a space within the base, frame, 
or column of the machine used for mount- 
ing the control panel, 


Control enclosure. The control enclosure 
is the metal housing for the control panel, 
whether mounted on the machine tool or 
separately mounted. 


Device. A device is a unit of an electrical 
system which is intended to carry but not 
consume electrical energy, 


Disconnecting device. A disconnecting 
device is a device whereby the conductors 
of a circuit can be disconnected from their 
source of supply. 


Electrical equipment. In this Standard 
the term “Electrical equipment” includes 
electro-magnetic, electronic and static, as 
well as the more common electrical de- 
vices. 


Electrical layout. Consists of an outline 
of the machine tool showing the control 
enclosure, as well as control and power 
devices external to the control enclosure, 
in their relative. locations. It shall also 
show the size and location of the conduit 
to be supplied by the customer. 


Pushbutton PB 


Reactor xX 
Receptacle RECP 
Rectifier REC 
Resistor RES 
Reverse R 
Rheostat RH 
Safety switch SSW 
Selector switch— 

see Transfer or 

selector switch 
Series control relay SCR 
Slow down SD 
Socket Soc 
Solenoid SOL 
Starting contactor S 
Tachometer voltmeter TVM 
Terminal board TB 
Thermostat oe 
‘Time-delay relay TR 
Transfer or selector switch TSW 
Transformer T 
Traverse TV 
Unclamp UCL 
Undervoltage UV 
Up U 
Vacuum switch VS 
Voltmeter VM 
Wattmeter WM 
Work light WL 





Electro-mechanical. Electro-mechanical is 
the term applied to any device in which 
electrical energy is used to magnetically 
cause mechanical movement. 


Elementary diagram. An elementary con- 
troller wiring diagram is a diagram using 
symbols and a plan of connections to il- 
lustrate, in simple form, the scheme of 
control. 


Feeder. Any conductors of a wiring sys- 
tem between the service equipment or the 
generator switchboard of an isolated plant 
and the branch circuit overcurrent devices. 


Inrush current (solenoid). The inrush 
current of a solenoid is the steady-state 
current taken from the line with the 
plunger blocked in the rated maximum 
open position. 


Interconnecting wire. The term “inter- 
connecting wire” refers to those connec- 
tions between subassemblies, panels, cuassis 
and remotely mounted devices and does 
not necessarily apply to the internal con- 
nections of these units. 


Intermittent duty. Intermittent duty is a 
requirement of service that demands oper- 
ation for alternate intervals of (1) load 
and no-load; or (2) load and rest; or (3) 
load, no-load and rest; such alternate in- 
tervals being definitely specified. 


Interrupting capacity. Interrupting ca- 
pacity is the highest current at rated volt- 
age that the device can interrupt. 
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Jogging (inching). Jogging is the 
quickly repeated closure of the circuit to 
start a motor from rest for the purpose 
of accomplishing small movements of the 
driven machine. 


Locked-rotor current. The locked-rotor 
current of a motor is the steady-state cur- 
rent taken from the line with the rotor 
locked and with rated voltage (and rated 
frequency in the case of alternating-current 
motors) applied to the motor, 


Moisture - resistant. Moisture - resistant 
means the equipment is so constructed or 
treated that it will not be injured readily 
by exposure to a moist atmosphere. 


Motor cireuit switch. A motor-circuit 
switch is a switch intended for use in a 
motor branch circuit. Up to 50 hp the 
switch is rated in horsepower and is cap- 
able of interrupting the maximum operat- 
ing overload current of a motor of the same 
rating at the rated voltage. 


Oil (used as a prefix). The prefix “oil” 
applied to a device which interrupts an 
electrical circuit indicates that the inter- 
ruption occurs in oil. 


Operating overload. Operating overload 
is the over-current to which electric ap- 
paratus is subjected in the course of the 
normal operating conditions that it may 
encounter. (Note 1: The maximum oper- 
ating overload is considered to be six 
times normal full-load current for alternat- 
ing-current industrial motors and control 
apparatus; four times normal full-load 
current for direct-current industrial motors 
and control apparatus used for reduced- 
voltage starting; and ten times normal 
full-load current for direct-current indus- 
trial motors and control used for full- 


——Appendix 


Note: The following references are not 
to be considered as part of, or amend- 


ments to, the Machine Tool Electrical 
Standards. They are included only as a 
convenient guide for machine tool builders 
and users. 


I. National Electrical Code. (National 
Fire Protection Association, 60 Battery- 
march Street, Boston 10, Mass. Price 
$1.00.) All items pertaining to Machine Tool 
construction have been extracted from the 
National Electrical Code and incorporated 
in these Machine Tool Electrical Standards, 


II. California State Electrical Safety 
Orders. (State of California, Printing Di- 
vision, Documents Section, Sacramento 14, 
Calif. Price $1.00 plus tax.) All items per- 
taining to Machine Tool construction have 
been extracted from the C.S.E.S.0O. and 
incorporated into these Machine Tool Elec- 
trical Standards. Furthermore, Section 2414 
(a), latest revision, requires that discon- 
nect switches be permanently marked with 
the current, voltage, and horsepower rating, 
if any. Paper labels are not acceptable. 
In addition to NMTBA Par 21.3.7, the 
C.S.E.S.0. Section 2340 (k) also requires 
that the direct current be derived from a 
generator or rectifying device supplied 
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voltage starting. Note 2: It should be un- 
derstood that these overloads are currents 
that may persist for a very short time only, 
usually a matter of seconds.) 


Overcurrent. Overcurrent in an electric 
circuit is that current which will cause an 
excessive or dangerous temperature in the 
conductor or conductor insulation, 


Panel. An assembly of electrical devices 
and/or sub-panels connected together and 
mounted on a single frame. 


Panel layout. The panel layout shall show 
the general physical layout of the electrical 
control panel with all relays, disconnect 
switch, control transformer, terminal strip, 
etc. 


Periodic duty. Periodic duty is a type 
of intermittent duty in which the load 
conditions are regularly recurrent. 


Precision device. A device that will op- 
erate within prescribed limits and will con- 
sistently repeat operations within those 
limits. 


Raceway. A raceway is any channel for 
holding wires, cables or bus-bars, which 
is designed expressly for, and used solely 
for this purpose, 


Relay. A relay is a device that is opera- 
tive by a variation in the conditions of 
one electric circuit to effect the operation 
of other devices in the same or another 
electric circuit. (Note: Where relays oper- 
ate in response to changes in more than 
one condition, all functions should be 
mentioned. ) 


Short-time rating. The short-time rating 
is the rating that defines the load which 
can be carried for a short and definitely 


from the same transformer or bank of 
transformers which supply the alternating 
current. Figures 13-II and 13-III (Par 
13.5.3d) are not considered acceptable at 
the present time. 


III. Canadian Electrical Code, Part II 
Specification C22.2 No. 73 (Canadian 
Standards Association, National Research 
Building, Ottawa 2, Ontario, Price $.75). 
Excerpts from the Canadian Electrical 
Code have been included in these Ma- 
chine Tool Electrical Standards, but the 
two do not agree in all respects. 


IV. Joint Industry Conference (JIC) Elec- 
trical Standards. (Joint Industry Confer- 
ence, P.O. Box 182, Detroit 2, Michigan. 
Single copies, no charge.) Single copies 
(no charge) and multiple copies (at cost) 
available also from ELectricaL MANUFAC- 
rURING magazine, 205 East 42 Street, New 
York City 17, 


V. Suppression of Radio Interference. 
Machine tool builders who quote on Gov- 
ernment invitations to bid should be very 
careful to note whether the specifications 
call for the suppression of radio interfer- 
ence, such as in the Navy’s MIL I-16910 
or the Air Forces’ MIL I-6181 B. Ma- 


specified time, the machine, apparatus or 
device being at approximately room temper- 
ature at the time the load is applied. 


Splashproof. Splashproof means the 
equipment is so constructed and protected 
that external splashing will not interfere 
with its successful operation. 
Starter. A starter is an electric con- 
troller for accelerating a motor from rest 
to normal speed. (Note: A device designed 
for starting a motor in either direction of 
rotation includes the additional function of 
reversing and should be designated a con- 
troller.) 


Statice device. As associated with elec- 
tronic and other control or information 
handling circuits, the term static refers to 
devices with switching functions that have 
no moving parts. 


Sub-panel. Sub-panel is an assembly of 
electrical devices connected together which 
forms a simple functional unit in itself. 


Tight (used as a suffix). Apparatus is 
designated as water-tight, dust-tight, etc., 
when so constructed that the enclosing 
case will exclude the specified material. 


Undervoltage protection. Undervoltage 
or low-voltage protection is the effect of a 
device to cause and maintain the inter- 
ruption of power to the main circuit upon 
reduction or failure of voltage. 


Varying duty. Varying duty is a require- 
ment of service that demands operation 
at loads, and for intervals of time, both 
of which may be subject to wide variation. 


Wireway. A wireway is a rigid rectangular 
raceway provided with a cover. 


_ to Other Codes and Standards 


chine tools that conform to the National 
Machine Tool Builders’ Association Elec- 
trical Standards or other electrical stand- 
ards do not necessarily meet these re- 
quirements. 
VI. British Standard 2771, Electrical 
Equipment of Machine Tools (British 
Standards Institution, British Standards 
House, 2 Park St., London, W.I. Price 5 
shillings). The British Standards are very 
similar to these Machine Tool Electrical 
Standards, but the two do not agree in 
all respects. 


VII. Other agencies which are of interest 
to machine tool builders include: 

A. American Standards Association, 10 
East 40 St., New York 17, N. Y. 

B. American Society for Testing Ma- 
terials, 260 South Broad St., Philadelphia 
2, Pa. 

C. Electronic Industries Association, 11 
West 42 St., New York 36, N. Y. 

D. National Electrical Manufacturers’ 
Association, 155 East 44 St., New York, 
7, A as 

E. Underwriters Laboratories, Inc., 207 
East Ohio St., Chicago 11, III. 
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0-325 VOLTS OC 
AT 600 ma. in 3% 


TWICE AS MUCH POWER IN THE SAME RACK SPACE 
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New VOLTAGE REGULATED POWER SUPPLIES (from Kepco) 
combine the best features of transistor and vacuum tube circuit 
design: Transistorized control amplifier and reference circuitry 
for optimum regulation characteristics, stability, long life and 
compactness; Vacuum Tube series pass elements for reliable 
high voltage operation. 


HB GROUP—0O.1% and 0.01% REGULATION 


Maximum Component Accessibility: 

neoucaTion \awexe| wapenance Modular control unit, resistor board 

ouTPuT ourPuT LINE (RMS) | OHMS MAX. w DIMENSIONS construction, series pass tubes 
VOLTS | AMPS. DC- ,1KC H D* conveniently located at the rear of 
the unit. Provision for remote out- 


ace ar ear a etre 0 | 19" | 3%" | 14%" | $265.00 put voltage control at 100 ohms 
| 0-325 | r 004 | 01 | ez [=a eA Mv. | 20 | 20 | 19° |3%” | 14%” [$320.00] ~~ ss re an 
¥ control. Two additiona 
ba Herat ter tates outputs provided as standard fea- 
00 |<0.01 | 1Mv.| 04 | 04 | 19° | 3%" | 14%” | $465.00] ture can be series connected for 
HB-40 <0.01 riwy.| 02 | 02 [19°] 31" Tear eae 13 V AC at 6 amps. or paralleled 
HB-60 eas | <omifone] <omr [iw[ or | ot [is [ae | 1am [ 565.00] fr 68 VAC a Te amp 


* Meters optional. To specif 
STABILITY: (for 8 hours) 0.2% or 0.2 volts, whichever is greater, after 1 hour warmup. Depth behind panel. tered a. add “M” 7 © Model 


TEMPERATURE COEFFICIENT: <0.05% per °C. AMBIENT OPERATING TEMPERATURE: —20°C to +50°C. No. and $30.00 to sees 


“a For complete specifications, write for Brochure B-601 
¥ 131-34 SANFORD AVENUE ¢ FLUSHING 55, N. Y. © IN 1-7000 » TWX # NY 4-5196 
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Conveyor Drive Using Eddy-Current Coupling 


STEWART L. NELSON 
Dynamatic Division 
EATON MANUFACTURING Co. 
Kenosha, Wisconsin 


A LONG-BELT CONVEYOR SYSTEM poses 
special problems in the control of the 
The extremities of the conveyor 
are connected only by the belt itself, 
made of a material which can stretch 


drive. 


considerably under tension. If acceler- 
ated by a drive having considerable 
excess torque, the drive end of a long 
belt can actually reach full speed before 
the farthest end begins to move. Starting 
with unnecessarily high torque produces 
shock waves within the belt which can 
snap back and overstress the belting 
or mechanical assemblies such as the 
shafts, bearings, or structural supports. 
Although such components are usually 
designed to prevent actual breakage 
from such shocks, the life of the belt- 
ing and the mechanical parts can be 
lengthened considerably if the shock 
loadings are eliminated. 

It is possible, of course, to avoid ex- 
cess torque by providing a drive with 
a very low starting torque (a squirrel- 
cage motor with a _ reduced-voltage 
starter, for instance). A given conveyor 
might be started with no material on 
the belt, on a warm summer day, and 
require relatively little starting torque. 
The same conveyor must be capable 
of starting with a full load of material 
on an icy winter morning and might 
require 100 per cent more torque to 
come up to operating speed. If the 
designer is forced to work with a drive 
that can produce only one fixed pattern 
of speed-torque curves, he must choose 
values which will meet the worst con- 
dition. In order to meet the rare con- 
dition of starting with a full load, 
the majority of starts at no load must 
be made with an excess of torque. 
The belting itself must, therefore, be 
specified so that it can always stand 
tensions which actually are seldom 
encountered. 

One solution to this problem is to use 
a wound-rotor motor with acceleration 
controlled by cutting out steps of 
secondary resistors. The torque can 
thus be increased in steps, the amount 
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of each step depending on the value 
of the resistance and the time interval 
between steps being determined by 
time-delay relays. Although it is better 
than a squirrel-cage motor, this sys- 
tem also has drawbacks. Unless a very 
large number of steps is used, each in- 
crease in torque will cause a shock to 
the system. Assuming that enough steps 
are used, a good acceleration charac- 
teristic can be obtained for any given 
As starting conditions 
change, however, it is very inconvenient 
to change the controls to obtain opti- 
mum performance at all times. 

The ideal belt conveyor drive would 
provide a gradual, stepless increase in 
torque, rising to a value just sufficient 
to place the entire belt in motion. 
There would then be a pause to permit 
shock tensions within the system to 
be damped out. Following the pause, 
the drive would continue with a stepless 
increase in torque (though at a faster 
rate of increase) until full speed was ob- 
tained. Eddy-current magnetic clutches 
can be controlled to provide this type 
of drive. They are usually driven at 
a constant input speed by a squirrel- 
cage induction motor. Such drives are 
being used increasingly as conveyor 
operators become aware of the impor- 
tance of the drive. The cost of belting 


condition. 


re 


for a 1400-ft conveyor might be $100,- 
000 and the belt may have a useful 
life of only three or four years. The 
electrical equipment for the drive may 
cost $20,000 and be used for 20 years. 
Obviously it is to the owner’s advantage 
to select the best possible drive, since 
its cost is a minor matter compared to 
its effect on belt life. 

In an eddy-current coupling drive 
system, the motor is started with the 
coupling de-energized. Thus, with no 
load on the motor at starting, an in- 
expensive across-the-line magnetic start- 
er may be used. The torque output of 
the coupling is approximately propor- 
tional to the degree of excitation of 
the coupling coil, as shown in Fig. 
Since the amount of power required to 
excite the coil is very small (2 amp at 
220 volts for a typical 250-hp drive), 
the control components are extremely 
small in proportion to the horsepower 
they control. Direct current is required 
for the excitation, supplied, in the case 
of electronic controls, by grid-controlled 
thyratrons which provide both rectifying 
and controlling functions. 

In the past it has been conventional 
to provide a feedback control for these 
eddy-current coupling drives. The coil 
excitation was controlled automatically 
by comparing the output of a tacho- 
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Fig. 1 — 
coupling. 


Available outputs from a squirrel-cage motor driving through an eddy-current 
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—————— 220 volts, single phose ——_——__ 


START 
ake 
O O 


M\ 
R\ 


RUN M2 
R2 


LSH 
Increase 


Motor operator 


for 


Decrease Adjustable auto- transformer 


LSL 


Eddy-current coupling 
field coil 


Fig. 2— Manually adjustable control of excitation to coupling 


coil. 


meter-generator mounted on the output 
shaft with a reference voltage from a 
speed-setting potentiometer. Accelera- 
tion control was then obtained by 
gradually turning up the potentiometer 
with a small motor operator. Either 
an electronic or a magnetic amplifier 
was used as part of the control to 
amplify the difference between the 
feedback voltage and the reference. To 
avoid the use of these complex circuits 
(cost and maintenance problems are 
often objectionable), a system has been 
developed to provide control with the 
use of adjustable autotransformers and 
selenium rectifiers. This system works 
directly in terms of torque control. It 
provides excellent operating results and 
yet is made up of components which 
are easily understood, require little 
or no maintenance, and have a low 
first cost. 

Two types of autotransformer-recti- 
fier controls are available: manually 
adjustable and self compensating. In 
the manually adjustable control, ex- 
citation of the coupling coil is supplied 
from an a-c source, as shown in Fig. 2. 
The operator sets the dial of the manual 
autotransformer (left) to determine the 
initial excitation. Pushing the sTART 
button energizes the motor starter M 
and pushing the RUN button actuates 
relay R, which completes the circuit to 
the autotransformers and _ supplies 
rectified power to the coupling coil. At 
this point, with the motor-operated auto- 
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transformer still at zero, the initial 
excitation is supplied only by the 
manual autotransformer. After a delay 
of perhaps 30 sec is introduced by time- 
delay relay TR, the motor operator for 
the second autotransformer is started. 
The speed of the motor operator is 
adjustable so that the acceleration time 
for the drive can be varied. Limit 
switches LSL and LSH are actuated by 
the motor operator to de-energize it 
at either end of its travel. 

The manually adjustable control is 
easily set in the field for optimum per- 
formance under any starting condition. 
The initial excitation is set on the man- 
ually adjustable autotransformer to pro- 
vide just sufficient torque to put an 
empty belt in motion. The time-delay 
relay is adjusted to start the motor 
operator shortly after the entire belt 
moves. The speed of the motor operator 
is adjusted to increase the excitation to 
full torque over a period long enough 
to prevent any noticeable surge in 
acceleration. As starting conditions and 
torque requirements change, it is pos- 
sible to reset the initial torque output 
with extreme accuracy so that a smooth, 
yet positive, acceleration is obtained. 

The self-compensating control of the 
eddy-current coupling is shown in Fig. 3. 
When the start and ruN buttons have 
been pushed, the motor operator starts 
to increase the voltage supply to the 
coupling coil. As increasing torque is 
applied, the belt begins to move until 


Decrease- fost 


—— 220 volts, single phase 


Increase - slow 


Motor operator 


for 
Adjustable auto - transformer 


Increase - fast 


Motor 
operated 
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Fig. 3 — Self-compensating 
control of coil excitation. 


Eddy-current coupling 
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finally it is all in motion. Limit switch 
LSR, sensitive to the slightest rota- 
tional motion, is installed on an idler 
or pulley at that point on the belt 
which is the last to move. When motion 
at that point causes the LSR contact 
to close, time-delay TR is energized and 
contact TR1 de-energizes the motor 
operator. After a delay of about 10 sec, 
contact TR2 closes and the motor 
operator begins to run again at a faster 
speed. Limit switch LSL may be set so 
that the lower limit of the motor opera- 
tor is higher than zero, thus starting 
with 10 or 15 per cent excitation and 
shortening the accelerating time. 

The self-compensating control thus 
provides a system which operates in 
terms of actual need rather than in 
terms of that which it is convenient to 
control. It automatically compensates 
for changes in required starting torque. 

Either of the two systems described 
is readily adaptable to any specific 
application. They may easily be de- 
signed to incorporate sequence inter- 
locking, belt slip switches, safety de- 
vices, etc. In a typical mining installa- 
tion, three. separate conveyors in series 
are equipped with 200-hp, 1200-rpm 
individual drives. The belts are 42 in. 
wide on 1000-ft centers and are rated 
at 450 tons per hr at 300 ft per min 
operating on a 14-deg grade. The belts 
are all underground and unaffected by 
weather; loading conditions are rela- 
tively uniform, so a manually adjustable 
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control is used. Interlocking circuitry 
permits all three belts to start in 
sequence from one master control and 
prevents spillage in the event any belt 
stops. Protective switches also automat- 
ically shut down the drives should any 


one belt slip or break. O00 
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Cooled Chassis Reduces 
External Thermal 
Resistance of Parts 


Electronic equipment chassis with heat- 
producing components mounted on it 
is cooled by water circulated through 
channels in the top deck of the chassis. 
Experimental cold plate is typical of 


Water-flow passages can be seen zig-zagging among heat-producing components mounted 
on this liquid-cooled chassis. Water inlet and outlet are at lower right corner. Wires 
exiting to right of chassis are from thermocouples attached to chassis and selected 


components, 


thermal design techniques investigated 
by Cornell Aeronautical Laboratory, 
Buffalo, N. Y., and contains tubes, 
transformers and resistors dissipating 
a total of 537 watts. Parts are mounted 
to provide maximum heat transfer to 


Memory Retention and Temperature 
Compensation for a Core Memory 


ALBERT H. ASHLEY and 
EDMUND U. COHLER* 

Data Processing Laboratory 
Sytvania Exvecrric Propucts Ine. 
Needham, Massachusetts 


THE PROBLEM OF retaining the informa- 
tion contained in the memory cores of a 
computer when the power supply is in- 
* The Authors wish to thank Mr. Watts S. Hum 


phrey, Jr., for his invaluable assistance in respect 
to the material covered in this article. 


terrupted, or when the computer is shut 
off for an extended period of time, has 
been conventionally solved by the 
rather cumbersome method of trans- 
ferring the contents of the core memory 
to an auxiliary device, such as punched 
cards or tapes. Obviously, in a mobile 


MOBIDIC) the 


power must be shut off frequently and 


computer (such as 


the conventional methods of retaining 


Fig. 1 — Current sources. 


the 17 x 13 x 3 in. chassis. With 17 
deg C water pumped through passages, 
maximum temperature rise at any part 
was 39 C as compared to 175-C rise 
when same components were mounted 
on a conventional chassis. OOO 


the contents of the memory cores would 
seriously impair the efficiency of the 
computer. Normally the problem of re- 
taining memory content is due to the 
difficulty of suppressing transient cur- 
rents. In the MOBIDIC memory, how- 
ever, the design of the current sources 
and drivers has lent itself readily to the 
elimination of transient currents, thus 
making direct memory retention feasible 
by only a slight modification of the 
design at a nominal cost. 

Turning off the power is accom- 
plished by a controlled sequence of 
time-delay relays. In the first step 
the machine is halted at a standard 
portion of the timing cycle at the same 
point where it would halt while await- 
ing further instructions, and all timing 
inputs are cleared, shorting all X-Y 
drive current to ground, as in quiescent 
operation, and holding off all Z drivers. 
A relay contact in series with the —20- 
volt line to the current sources (shown 
in Fig. 1) is opened, causing the out- 
put current to drop to zero. One time 
delay later, all supplies are turned off, 
but because there is no source of cur- 
rent in the X-Y coordinate, the only 
pulses possible are half-“read” cur- 
rents delivered by Z drivers transiently 
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GUARDIAN 
Solenoids 


Presenting, the new GUARDIAN No. 32 D.C. Solenoid 


@ Long—slim—plenty of power within! 
Instantaneous strong thrust with lifts up to 8 
ounces intermittent, or 6 ounces continuous 
duty. Tested to 20 million operations in business 
machines, computers, data processing, and 
instrumentation applications where unerring, 
long life operation in minimum space is 
imperative. We invite you to test this Guardian 
No. 32 Solenoid. Arrange for delivery of a 
production sample. 


No. 22 D.C. No. 
Size only 34” x 3%" x 14". 
Stroke 1%” to 5”. Lifts up to 24 oz. 
Intermittent or continuous duty. 


LARGE SELECTIONS of Guardian Solenoids are carried in stock 
by Franchised Electronic Parts Distributors in the U. S. and Canada. 


Size: “2” max. diameter—3%”" long. 

Stroke: Up to “6” push or pull types. 

Lift: Up to 8 oz., intermittent duty; 6 oz., continuous duty, 
Duty: Intermittent or Continuous. 

Voltages: 6 to 110 volts D.C. 

Power: 3 watts continuous duty; 6 watts intermittent duty. 
Terminals: Plug-in or lead type 

Enclosure: Steel shell. 

Mounting: 4-28 Threaded bushing. 


Life: Tested to 20,000,000 cycles. 


24 A.C. . 
Size 1144" x 1" x i’ SA 
Stroke 1%” to 54”. 
Intermittent or continuous duty. 


%- 
ifts over 19 oz. 


No. 28 A.C. or D.C. 


Size only 11%" x 1” x 154”. Stroke 1%" 
to 14". Lifts over 41 oz. Intermittent or 
continuous duty. 
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Write for Guardian Solenoid Bulletin GS-1 
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going on and off. Since half-“read” 
pulses do not destroy information, the 
memory array retains all information 
recorded before the turn-off. When the 
power is turned on again, the process 
is reversed. Thus, when the current 
arrives at the current sources, there 
is a low-impedance path already ar- 
ranged for the current to ground by 
the automatic clearing of all drive 
circuits, and the X-Y-Z drive currents 
carinot develop. 

Because information is thus retained 
completely in the core memories, power 
can remain off for indefinite periods 
of time, and in the absence of disturb- 
ing influence the core memory acts as 
a permanent storage for information 
which may be read out under environ- 
mental conditions that are entirely 
different from those existing when the 
information was written into the mem- 
ory. Since the temperature compensa- 
tion (discussed below) takes effect be- 
fore the current is developed, the cores 
automatically receive the drive that is 
appropriate to present conditions. 


Temperature Compensation 

The provision for retention of in- 
formation in the memory core while 
the computer is shut down entails the 
possibility that information might be 
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| 
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Fig. 2 — Percentage of full drive which 
will disturb stored information vs core 
temperature. 
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Vig. 3—-Core current required vs tem- 
perature. 
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Fig. 4 — Temperature-compensating voltage reference (X-Y). 


“written” into the memory at one temp- 
erature and “read” out at an entirely 
different temperature. By means of the 
temperature compensation described be- 
low, this problem was solved, and no 
measurable difference in the “1’s” read 
out at any given temperature—regard- 
less of the temperature when the infor- 
mation was written into the memory— 
could be observed. Thus, memory reten- 
tion is possible, even when the machine 
is shut down and started under com- 
pletely different environmental condi- 
tions. 

Most computers must use some form 
of temperature control to maintain the 
operating temperature of the ferrite 
cores within very close limits, because 
the ferrite is sensitive to ambient temp- 
erature variations. With any increase 
of environmental temperature, the co- 
ercive force will decrease, the material 
will lose some of its squareness, and 
will consequently become more disturb- 
sensitive. This is shown in Fig. 2. If 
the drive current is held constant while 
the temperature rises, the cores switch 
faster (giving greater amplitude to 
the output) and the cores are more 
sensitive to disturbance by the _ half- 
selecting drive pulses. The reverse 
effect may be observed as the environ- 
mental temperature decreases. Below 
0 deg C, a drive proved satisfactory at 
+25 C will produce a “1” pulse that 
is only about half as great as a “1” 
pulse produced at ambient temperature. 
Under this condition, there would not 
be an output from a conventional sense 
amplifier. Moreover, a fixed strobe 
would miss the peak signal-to-noise 
time if the switching characteristics 
were changed to such a significant ex- 
tent. 

Conventionally, the temperature 
problem has been solved by controlling 
the temperature within the memory 


enclosure so that fluctuations do not 
exceed a few degrees. This seemingly 
simple solution has proved unsatisfac- 
tory where the environmental tempera- 
ture range is great. To maintain a 
temperature 95 C above the environ- 
mental temperature (for example, 
maintaining a temperature of +65 C 
when the environmental temperature is 
—30 C), a large insulating oven, com- 
plete with blowers and _ high-wattage 
heaters and provisions for creating 
turbulence for proper mixing, would 
have to be installed. Operating in con- 
junction with accurate thermostatic 
equipment, such as installation would 
be subject to the inherent disadvantage 
of all mechanical components, and re- 
liability would be affected. Further- 
more, such temperature conditioning 
would be far more expensive than the 
few electrical components required for 
compensation. 

Temperature Compensation of the 
Drive Currents. An alternative to con- 
trol the temperature of the memory 
cores is the control of the drive-current 
amplitude. If the drive current is varied 
with the temperature (so that the half- 
selected cores are not disturbed, but 
the fully selected cores are properly 
driven for full switching output), the 
operation is satisfactory. Drive-current 
compensation aimed solely at main- 
taining constant switching time re- 
sulted — at least in the type of mem- 
ory cores used in MOBIDIC — at the 
low end of the temperature range. Since 
the cores are less disturb-sensitive at 
lower temperatures, it is feasible to 
compensate for constant output-voltage 
amplitude. The  constant-amplitude 
compensation below 20 C minimizes the 
sense-amplifier problems, since no vari- 
ation in the strobe level is required. 
The overall compensation curve, shown 
in Fig. 3, indicates a constant core 
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BUILT WITH WATCH-LIKE PRECISION; 
AS DEPENDABLE AS PASSING TIME 


Eo et LI ee 


JUNE 1960 


New Phillips Micro-Miniature Relays Are Rugged, 
Versatile In Application, Highly Reliable 


Phillips new Micro-Miniature Relays are care- 
fully engineered and manufactured to assure 
the very maximum in reliability and perform- 
ance for control systems, airborne computers, 
communications equipment, and general elec- 
tronic circuitry. 

Flexibility of application is assured, along with 


TYPICAL ENGINEERING DATA: 


SIZE: Height, .875 Max. 
Width, .800 
Thickness, .387 

13 STANDARD STYLES 


RATING: 


prompt delivery, because of the wide selection 
of standard Phillips styles available. Insist on 
Phillips compact, hermetically sealed, micro- 
miniature relays when your designs call for 
quality and dependability. Your nearest 
Phillips Sales Engineer has complete data ready 
now to fill your inquiry immediately. 


3 Amps. 26.5 Volts de 
Also Low Level 
circuit applications 
12 STANDARD COIL RATINGS 


For Complete Details, Write For Phillips Micro-Miniature Type 30 Brochure. 


PHILLIPS CONTROL CORPORATION e« JOLIET 1, ILLINOIS 
A Subsidiary of Allied Paper Corporation 
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output at temperatures below +20 C, 
and a constant switching time at 
temperatures above +20 C. 

X-Y Drive-Current Sources. The drive 
currents for the X-Y coordinates orig- 
inate from high-impedance current 
sources, each source consisting of a 
power transistor connected in the com- 
mon base configuration. The high im- 
pedance is required to maintain good 
current regulation under varying load 
conditions. (The circuit for the current 
source is shown in Fig. 1). Current 
is supplied to the emitter of the cur- 
rent-source transistor by a source con- 
sisting of a reference voltage V,,, 
applied across a variable resistance 
network. The resistance is partially 
variable to compensate for initial differ- 
ences in transistor parameters. The ref- 
erence voltage V,., is common to all 
current sources in the X-Y circuitry. 

Compensation Techniques. The output 
current may be varied with the tempera- 
ture either by external emitter resistors 
having a positive temperature coeffici- 
ent, or by the voltage reference having 
a negative temperature coefficient. Posi- 
tive temperature coefficient resistors 
with sufficient power capability are not 
available, and would not be practical 
because of drive-current tolerances. 
Since negative temperature coefficient 
elements are readily available, the 
second method, which employs only 
one temperature-sensitive network per 
memory, is preferable. Moreover, com- 
mon compensation assures that all 
drivers vary equally, and drive-current 
tolerance problems are therefore mini- 
mized. 

Voltage Reference Design. Thermistors 
(negative temperature coefficient re- 
sistors) have a relatively low dissipa- 
tion coefficient (watts/deg C rise). It 
is, therefore, advisable to maintain a 
negligible dissipation within the therm- 
istors so that their resistance will remain 
a true function of ambient temperature 


-30C 


) Drive 
current 


) Input 
puise 
Fig. 5 — Temperature-compensated 
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outputs. 


+4 voltso— 


-4 volts 
0 


+4 volts 


Fig. 6 — Circuit for Z-driver. 

without side effects from internal heat- 
ing. Consequently, the thermistor net- 
work is buffered by a power amplifier 
with a unity voltage gain and a high 
input impedance, allowing the use of 
current (as low as 5 ma) in the net- 
work. 

The thermistor network and buffer 
amplifier are shown in Fig. 4. (Note 
that the V,., is derived from the —20- 
volt supply, as indicated in Fig. 1. 
Thus, variation in the —20-volt supply 
will not affect the current-source accu- 
racy.) Two thermistors are necessary 
to provide the proper compensation 
characteristics over the entire tempera- 
ture range. A constant current of 5 ma 
through the 1-k precision resistor pro- 
vides a constant drop of five volts. The 
thermistor network (with 5 ma) will 
add a voltage drop of 1.0 volt at +25 C, 
2.2 volts at —30 C, and 0.52 volt at 
+55 C. The overall curve between 
temperature and points is nearly linear, 
mainly because there are the constant 
5 volts superimposed on the tempera- 
ture-sensitive voltage. 


Test Results Follow Theory 

The oscillograph curves shown in 
Fig. 5 are test results of an experi- 
mental system consisting of transistor 
core drivers and a memory core. The 
drive current varies through the de- 


+25C +55 


-20 volts 


47 pf 
35 volts 


4700 pf 


Z-winding 


390 ohms 


From power 
supply 


sired pattern, although the compensa- 
tion during the test was slightly less 
than that shown in Fig. 3. Neverthe- 
less, the “1” at —30 C is within 10 
per cent of the “l’s” at other test 
temperatures. (Subsequently, a slight 
revision of the thermistor network was 
made to increase drive at the lower 
temperatures, which resulted in a high- 
er output at the low end without affect- 
ing the drives at other temperatures. 
The final compensation characteristic 
is as shown in Fig. 3) 

Compensating the Z-Drive Current. 
The Z drivers do not employ high- 
impedance, transistorized current 
sources (like those used for the X-Y 
drivers) because current tolerances are 
less stringent. The current for each Z 
winding is determined by the power- 
supply voltage across a fixed resistance 
in series with the winding, as shown 
in Fig. 6. To vary current with tempera- 
ture changes, either the resistance or 
the total voltage across the resistance 
must be varied. Varying the resistance is 
impractical, because resistors with large 
positive temperature coefficients are not 
available, and varying the whole sup- 
ply voltage with temperature changes 
is not practical because it would com- 
~licate the power-supply design. These 

‘oblems were solved by connecting 
one end of the current (determining 
resistance, R,) to a fixed, close-tol- 
erance power supply (used elsewhere in 
the memory) and the emitter of the 
output transistor (Q, in Fig. 6) was re- 
turned to a temperature-sensitive supply 
V temp: This supply was designed to vary 
from +0.5 volt at +55 C to +5.0 volts 
at —30 C. Since the maximum voltage 
swings up to 5 volts, there is con- 
siderably less power involved in the 
temperature-sensitive control than if 
the entire 20-volt supply were to vary 
from —20 volts to —25 volts. Further- 
more, the per cent variation is less 
critical, 

(Continued on page 168) 
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“We ran 
accelerated life 
tests... 
selected Bodine 
Motors” 


..» HALOID XEROX INC, 


‘Before we selected a Bodine fractional horsepower motor to power our 
XeroX 914 Office Copier, our Research and Development Division con- 
ducted accelerated life tests. The results were favorable. This, plus our past 
experience with Bodine’s dependability, made it clear that Bodine Motors 
should power this piece of office equipment. Also we find that Bodine’s 
conservative rating gives us trouble-free performance even when. used at 
full rating.” 


... Dr. John H. Dessauer, Executive Vice President 
in Charge of Research 
and Product Development, Haloid Xerox Inc. 


Here's the XeroX 914 Office 
Copier ... powered by a Bodine 
Fractional Horsepower Motor 


This remarkable new copier 
automatically reproduces copies 
of letters and other documents 
on ordinary unsensitized paper. 
For single or multiple copies... 
as many as six a minute... you 
just dial the number of copies 
you want, push a button, and 
that’s it. The main drive of the 
XeroX 914 Copier is powered 
by single reduction, right angle 
worm gear, speed reducer motor 
... by Bodine. 


BODINE 


Here's the story of Bodine's latest model! business CHET) opine 

machine motor . . . the FSE-23. It's only 2%6” high. . . ca MLS 
weighs only 1 pound 11 ounces. . . and delivers plenty 

of power, Designed for economical, high volume WA CC) i aaa 
production. Ask for your copy of Technical Bulletin 

#1034. Bodine Electric Company, 7506West Bradley the power behind the leading product 
Place, Chicago 18, Illinois. 


Bulletin describes late model business machine motor. 
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Temperature-Sensitive Emitter Supply. 
Because the thermistor network used 
in the X-) 


linear resistance-temperature character- 


coordinate has a quasi- 


istic, an identical network was used to 
supply for the Z- 
as shown in Fig. 7. A stage 


derive the emitter 
drivers, 
of inversion with a voltage gain of 2 
is interposed between the thermistor 
network and the power amplifier, in 
order to provide the proper phase and 
amplitude to the variation. The out- 
put is clamped to ground on the low 
end by the transistor, and to +-5 volts 
(+-4.4 plus diode drop) on the high 
end by a diode, thus insuring against 
over-voltages on the Z-driver transistors. 
When none of the Z-drivers are in op- 


eration, 7.5 amp are conducted to 


< 82.5 ohms 
2 '/2 watt 

> +1%, 
< 
r gpa, ‘— 


| 


ag 


242 ohms V2 (gy315 
wants +050 > watt Johms 
ee} ee at 25C 


< 


20 volts 


ground by the output transistor (Q, in 
Fig. 7) of the V,..,, circuit. When Z- 
drivers are being pulsed, the Vem, 
output conducts the difference between 
7.5 amp and the average Z-driver drain. 

Compensation with Core - Derived 
Strobe. The compensation of the drive 
currents still allows some variation in 
the peaking time of the core output, 
even for perfect amplitude compensa- 
tion. Moreover, temperature affects the 
drive-circuit delay. (These effects can 
be observed in Fig. 5). This variation 
can be compensated completely and 
simply by using a core-derived strobe 
pulse. The time-discriminating strobe is 
derived from a standard core receiving 
the same current as the selected cores in 
the memory. That core is essentially 
wired to receive a full “Read” and full 
“Write” from the X and Y drivers se- 
lected to supply the rest of the memory. 
The output of the core is therefore a 
standard “1” produced simultaneously 
with the read-out of “1’s”. This output is 


+50 volts 
t0.5% 


then properly shaped and suitably de- 
layed to supply a strobe pulse for the 
memory sense amplifiers as shown in 
Fig. 8. Experiments with a full memory 
show that variations in the sense ampli- 
fier output of 0.8 wsec may occur and 
are compensated by the core-derived 
strobing even when “zero’s” are larger 
than “1’s”. 

The operational limits of the mem- 
ory were extended by the combination 
of core-derived strobing and tempera- 
ture-compensated drive currents, as 
shown in Fig. 9, a “shmoo” plot of 
the temperature vs discrimination-level 
limits of the sense amplifiers. The cross- 
hatched area indicates the limit with 
core-derived strobe but without temp- 
erature compensation; the larger en- 
compassing area indicates the extension 
of those limits by temperature compen- 
sation. (Without both core-derived strob- 
ing and temperature compensation, the 
limits are reached at +10 C and 
+45 C.) Oooo 


(Continued on page 170) 
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Core-derived strobe system. 
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Compact G-E dual-diameter d.g. magnets 
give you a free hand in speaker design 


General Electric dual-diameter, directional grain magnets clearly 
demonstrate that magnet size and weight are no longer any 
criterion of speaker performance. And, the reason is simple. 


G-E engineers have purposely designed weight and size out 
of dual-diameter, directional grain Alnico 5 magnets by concen- 
trating magnetic field energy within the area of voice coil travel. 
By combining the outstanding properties resulting from the G-E 
patented d.g. process with a design integrated to use these prop- 


rti i i 
" t - a word mt of efficiency at the higher levels of gap energy Cliineeh: hints einai ila tag 
as been acnieved. size. The smaller G-E directional grain 
In addition, smaller, lower cost pole pieces and return paths Alnico 5 magnet at the right establishes air 


of powdered iron are now feasible in larger speaker sizes. Send gap ate ig eae sm gerne 
for full technical information on G-E directional grain Alnico 5. ne eC ene ee 

; , Note the crystal orientation over the dual- 
And, for a freer hand on any magnetic design, turn first to: 


> diameter magnet volume. 
Magnetic Materials Section, General Electric Company, 7804 
N. Neff Ave., Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 
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Magnetic Tape Recording in Control Systems 


D. W. HALFHILL 
Amrex CORPORATION 
Redwood City, California 


MAGNETIC TAPE has many unique prop- 
erties which make it an extremely use- 
ful medium for information storage in 
automatic control systems. Some of the 
prime values of magnetic tape are: 


(1) It 


erasable, 


permanent, but 
memory which can be played 


prov ides a 


back immediately. 

(2) It has a data 
essentially steady-state 
100,000 cps (and 
cases). Special equipment now used in 


capacity from 
values up to 
beyond, in some 
the television industry will record up 


to 4.5 megacycles. 


(3) Recorded information is avail- 
able in “live” form (the output is elec- 
trical signals representing almost ex- 
actly the same signals used as input). 

(4) Information is repeatable from 
one to 10,000 times. 

(5) Recorded information may be 
delayed and recreated in its original 
form for exactly determined periods 
(from fractions of second to hours, 
or even years). 

(6) Many different recording meth- 
ods permit handling of data with almost 
any desired degree of accuracy and 
repeatability. 

(7) Multiple parallel tracks (up to 
32 on l-in. tape) permit simultaneous 
recording and playback of many dif- 


Table |—Four Types of Magnetic Recording Systems 


High-frequency dato 
s received by the re 
rder 


WM 


Rate -of-change of the dato 
ymplitudes is recorded d 
rectly GS @ magnetic- signa 
evel on the tape 


S\N 


to medium -high Corrier 
retin y doto os re 
ceived by the recorder 


frequency 
the doto 


JUUU tr 


wave pulse: The square waves 
transformed 
that define beginnings 
ond endings 


>quare 
os received by the 
recorder 


igital pulse input os 
received by the record 
mmplifier from computer 
or other digital device. 


modulated by f fied, 


Record -current polarity Signal: 
changes each time a 

pulse signifying o ‘one’ is 
to be recorded This ts nor 


Modulated corrier is am 
imited and then 
ecorded on tope oat neor 
saturation leve 


re Positive and negative 


lation ts 


nto ‘spikes spikes ore recorded 


on the tape 


of pulses 


C | 


gre recorded at tape 
saturation level ta obtain 


maximum output 


return -to-zero recording 


ferent parameters, with close time cor- 
relation of all records. Multiplexing by 
time and frequency sharing on indi- 
vidual tracks further increases the num- 
ber of simultaneous recordings that can 
be made with close time-base correla- 
tion. 

System Accuracy. 
kind of tape-recording system, there 
is always a question of the system 
accuracy which can be obtained, and 
factors influence this accuracy. 


In applying any 


many 
Primary transducers or measuring de- 
vices always have a finite error in terms 
of drift, linearity, or uncertainty of 
resolution. The same conditions apply 
to magnetic tape equipment and to out- 
put devices which operate from repro- 
duced tape signals. The common errors 
found in any tape system may be 


any of the following areas: 


(1) Linearity—deviation from a 
straight-line response to an input sig- 
nal. 


(2) Drift—a change in either abso- 
lute level or slope of the input-output 
characteristic. 


(3) Resolution—the ability to dis- 
tinguish between levels of input. The 
cause of resolution dif- 
ficulty in a system is background noise 
or spurious electrical signals. 


most common 


(4) Tape-speed variations — com- 
monly known as flutter. Contributes to 
frequency errors as well as unwanted 
signals. 


It is difficult to predict the exact 
performance level of a given system 
until all operating factors are known. 
However, certain general ranges of per- 
formance can be indicated for the 
various types of systems. Table I shows 
the primary features of four common 
types of magnetic recording systems 
and Table II summarizes approximate 
values of their important operating 
parameters for various speeds of opera- 
tion. The four types, and their advan- 
tages and disadvantages, are discussed 
in the following paragraphs. 

Direct recording has the advantage 
of being the simplest system and it 
yields the highest recording frequency 
for a particular tape speed. However, 
since most magnetic reproducing heads 
respond to the rate of change of flux 
on the tape, it is impossible to play 
back steady-state signals. Moreover, 
amplification of low-frequency signals 
is always difficult and subject to drift. 
Variations in tape, head-to-tape contact 
and drop-outs result in wide variations 
in signal amplitude. Accuracy avail- 
able in direct-recording systems may be 
acceptable in some systems and not in 
others. If information is required in 
terms of frequency only, direct record- 
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Experience is the optimum test 
for Energy Storage Capacitors... 


time-proven Sangamo Type DCM Electrolytic Capacitors 
exceed operating requirements of practically every application 


Sangamo was the first capacitor manufacturer to produce and 
establish standards in the manufacture of electrolytic energy storage 
capacitors. Since 1949, design and manufacturing techniques have 
been developed to such a scientific degree that Sangamo is still 
regarded as the leader in the field with the Type DCM. The time- 
proven characteristics of the DCM more than meet normal require- 
ments of operating temperature, equivalent series resistance and life 
expectancy. Those techniques mean, too, that maximum capacity 
can be put in the smallest case size consistent with good engineering 
practice and performance reliability. 


Occasionally applications call for energy-storage capacitors to meet 

special requirements — including higher temperature, and higher 

; ripple current. Sangamo is uniquely qualified and equipped to engi- 

Sangamo Type DCM neer and produce to the most exacting specifications. We would 


pan try Bee ve appreciate the opportunity of supplying your future needs. 


drawn-aluminum con- 


tainers with a molded Complete data on capacitance and voltage combinations on Type 
thermosetting plastic top 


that is sealed with a gasket DCM Capacitors is detailed in Sangamo’s Engineering Catalog 2231. 
to prevent electrolyte Contact your Sangamo Representative, or write us for your copy. 
leakage and contamina- 

tion. Terminal construc- 

tion insures minimum 

contact resistance in cur- 
rent-carrying members. E = 
Cover design provides an | ¥0v™ 
adequate safety ventin | 9§ 
case of heavy overload. W 


pe 


NOTE: Case dimensions include insulating sleeve. 
Subtract 1/16” from diameter and 3/8” 
from length for overall dimensions of un- $C-60-4 
insulated case. ae 


SANGAMO ELECTRIC COMPANY, Springfield, Illinois 


—designing toward the promise of tomorrow 
a RN A TT TT TT La 
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ing is satisfactory. If amplitude infor- 
mation is needed, the application should 
be studied carefully. Total error of the 
output signal can be as much as +20 
per cent. However, the statistical dis- 
tribution of amplitude variations for a 
large number of data points may be 
quite good—about 2 per cent of full 
SC ale. 

A system using an FM carrier has 
the advantage of being rather insensi- 
tive to amplitude variations when the 
tape is played back, but flutter varia- 
tion will introduce spurious frequency 
components. However, these are usu- 
ally a fraction of 1 per cent for wide- 
band deviation systems. A number of 
FM carriers can be multiplexed on a 
single track. Using FM carrier tech- 
niques, a considerable reduction in use- 
ful data frequency range results. For 
instance, the maximum data frequency 
is about 1/5 the center carrier fre- 
quency. (It is also possible to use am- 
plitude modulation, but, like direct re- 
cording, this technique is sensitive to 
amplitude variations of the recording 
medium, so its use is not widespread.) 

Pulse-duration modulation techniques 
(PDM) are useful for recording slowly 
changing parameters and where rela- 
tively high accuracy is required. In 
such a system, it is necessary to sample 


Table Il — Performance of Typical 


Tape speed, in. /sec 
Recording time, min (/) 
Speed variation, per cent (2) 


Data frequency, low limit] 
Direct, cps 
FM 


. cps 
PDM, cps (3) 
PCM, char. per sec 


Data frequency, high limit 
Direct, cps 
FM, cps 
PDM, cps (3) 
PCM, char. per sec 


Approximate system accuracy 
Per cent of full scale 
Direct + 
FM + 
PDM (3) + 
PCM (4) + 


Maximum interchannel timing error, microsec 
Approximate recorder cost, $ per data 
channel (5) 
Direct FM & PDM (3) 
FM 


PCM (4) 


1200 
1400 
| 14,000 


the signal at periodic intervals to de- 
termine its amplitude and to convert 
the amplitude by electronic means into 
a square wave with a variable time 
duration. An overall system accuracy 
of 1 per cent is possible. Disadvantages 
are that the upper data frequency limit 
is considerably reduced in comparison 
to other systems, and fairly complex 
coding and decoding electronic circuitry 
is required. The system is primarily 
advantageous when a large number of 
measurements can be sampled in se- 
quence and multiplexed on the same 
track of tape. 

Pulse-code modulation (PCM) is 
another name for digital recording. 
Data is first digitized or converted to 
a binary or binary-coded number. It is 
then recorded on the tape either serially 
on one track or on parallel tracks of 
the same tape. The digitizing process 
also requires sampling at periodic rates 
and conversion of the sample value into 
a discreet digital number. The result 
is a discontinuous record, but the over- 
all accuracy of the system is not limited 
by the magnetic tape. Limitations are 
only in terms of the accuracy of the 
original measurement and the accuracy 
to which it is digitized. Resolution in 
the system is in terms of the number 
of binary bits which are used in each 
number. For instance, an 11-bit charac- 
ter will yield a resolution of 1/10 of 1 
per cent. Few analog transducers can 
approach this degree of accuracy. 

Use in a System. There are certain 
things to be avoided when using mag- 
netic tape equipment as a memory de- 
vice in a control system. For example: 


Recording Systems 
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(1) In an automatic control system, 
any memory element exhibits a certain 
transfer function. The combination of 
this transfer function with those of 
other elements in the system may re- 
sult in unsatisfactory performance. 
Proper corrective measures must be 
taken in the design of the system. 


(2) Many types of magnetic tape 
handlers are available and usually one 
is better for a particular application 
than another. There are reel-to-reel ma- 
chines for either analog or digital ap- 
plications and loop recorders capable 
of continuous operation in many differ- 
ent modes for special applications. 

OOO 
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14,000 


LS 


Notes: 


For 10% in. reels of 1-mil base Mylar tape, with 3600 ft of tape. For other reel sizes and tape thickness, adjust figures accordingly. 
Commonly called “‘fiutter” expressed in peak-to-peak speed changes as a per cent of normal. 
PDM figures based on 900 samples/sec of one variable. If multiplexed signals are used, divide figures for high limit by the number of data sources. 
PCM figures based on a 14-track system with one 14-bit data channel using all tracks across the tape, and character density of 300 bits/in. 

Based on 14 analog or digital tracks per recording machine. For fewer tracks, cost per channel will be somewhat higher. 

Columns for 75 and 150 ips tape speeds apply to digital machines only. 
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DISTRIBUTORS 


Earl B. Beach Co., Pittsburgh, Pa. 
Phila. (Clifton Heights) Pa. 
Brooks Electrical Supply Co., Inc., Baltimore, Md. 
John H. Cole Company, Oklahoma City, Okla. 
Electrical Insulation Sales Co., Rutherford, N. J., 
Electrical Insulation Suppliers, Inc., Atlanta, Ga. 
Electric Motor Supply Company, Denver, Colo. 
Hanna & Ferguson, Rochester, N. Y. 
Hippler Sales Company, Webster Groves, Mo. 
Insulation Manufacturers Corp. 
Chicago, Ill. Cleveland, O 
Dayton, O. Milwaukee, Wis. 
Detroit, Mich. Pittsburgh, Pa. 
J. F. Kerrigan & Co., Hamden, Conn. 
C. D. LaMoree, Los Angeles & Berkeley, Calif. 
Punt, Inc., Floral Park, N. Y. 
C. E. Riggs, Inc., Portland, Ore., Seattle, Wash. 
5. P. Scanlon, Rochester, N. Y. 
Summers Electric Co., Inc., Dallas, Houston, 
San Antonio, Austin, Texas 
White Supply Company, St. Lovis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N. ¥ 
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Ip}4x or triplex combinations. Typical of 

@ many Varslot materials available, for 

xample, is Mylar* laminated to 100% 
rag paper. Such Varslot combinations are 
supplied in rolls or sheets and in a wide 
range of thicknesses to meet almost un- 
limited specific applications. Varslot char- 
acteristics include flexibility, toughness, 
high dielectric strength and good resistance 
to deterioration under heat. Combinations 
utilizing other electrical insulating papers 
or varnish-coated Fiberglast with Mylar 
are also available. 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


WOODBRIDGE, N. J. 


“VARSLOT” Combination Slot insulation: ——— 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 

Rag Paper and “Mylar’’* Polyester Film 
Asbestos Paper and “Mylar’’* Polyester Film 
Kraft Paper and “Mylar’’* Polyester Film 
Vartex Varnished “‘Fibergias"’* and 
“Mylar’’* Polyester Film 

Special combinations available upon request 


* Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademork 


Varnished Cambric Cloth and Tapes 

Varnished “Fiberglas’’? Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL" Silicone Varnished “Fiberglas’’t 
Cloth and Tapes 
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Whenever you need sub-fractional horsepower... 


. check Alliance first. Alliance is the “giant” in miniature 
motors . . . offering a wide choice of stock and custom 
models, faster service, more for your money. Used in leading 
makes of appliances, phonographs, business machines, 
PIC Mell Ewe Meme eee maleic eM Lee Ue 
of the basic Alliance models with typical specifications 
beldw. All can be-customized to your own snecifications. 

Starting 

ae 
PEs a ee Pury ity Lid Pu 
BL) 0.70 0.150 7.8 2500 1707. 
hei 225 Oe) 25.5 12-14% 2302. 
he SL eT] 29 Pat a oy 


Write for complete catalog and price quotations 


THE ALLIANCE MANUFACTURING CO. 
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Magnetic Pickups— 
Operation and Applications 


(Continued from page 89) 


used, the pickup is closer to the entire mass of the 
exciting material and more vulnerable to unwarranted 
background signal due to varying density or eccentricity 
of the material. On the other hand, when excitation is 
from a protrusion, the pickup is a relatively greater 
distance from the exciting material and less likely to 
pick up stray signals between excitation periods. 

With any given speed and clearance conditions, maxi- 
mum power output results when the field of a pickup is 
filled with a relatively infinite mass of magnetic material 
at one instant and a complete absence of such material 
at the next instant. Using the notations in Fig. 12, this 
condition can be achieved by making A equal to or 
greater than B, B equal to or greater than D, and C 
equal to or greater than 3  D. These are the optimum 
conditions. 

A magnetic pickup will deliver maximum power to a 
load having an impedance equal to that of the pickup. 
For maximum voltage, the load impedance should be at 
least 10 and preferably over 50 times that of the pickup. 
Since the output of a magnetic pickup varies inversely 
with the clearance for a given speed, maximum output is 
achieved by using the smallest clearance practicable. In 
most applications, this will provide a pickup output that 
is more than adequate. If desired, the output can be 
reduced by increasing the clearance. OoOoO°o 


1959 Editorial Index 


The 24-page, completely annotated 1959 Editorial 
Index of ELECTRICAL MANUFACTURING is now avail- 
able. To get your copy, simply circle number 


915 


on the Reader Inquiry Service post card at the 
end of the book. 


“GLASS | TIPPED’ SET SCREWS 


GLASS—Hard, Dense, 
Smooth, Concentric, 
Hemispherical 


SCREW—Stainless Steel, 


Slotted, Ground Threads, 


IN STOCK— Sizes 4, 6, 8 N.F. G N.C. 
4-48 x 7/32, 5/16, 3/8, 7/16 & 1/2 
6-40 x 9/32, 3/8 & 1/2 
8-32 x 5/16, 1/2 & 7/8 
HARTWOOD GLASS & METALS COMPANY 
P.O. Box 865 Martinsburg, West Virginia 
Specializing in Glass Coated Metals for Electrical Insulation 
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NEW Cramer miniatures for military use 
record elapsed time, - drive positioning devices 


TYPE 620 Elapsed Time Indicator (top) shown approx- 
imately full scale, is offered for operation on 115 volt, 
60 or 400 cycle power. Dimensionally, the version illus- 
trated meets MS-28053 and NEMA standards, and is 
front-panel mounted through a 1-19/32” diameter open- 
ing. All relevant test requirements of MIL-M-7793B and 
MIL-E-5272B are met or exceeded (to 50 G’s shock, 
2000 cycle vibration). An optional back-panel mounting 
adapts to existing panel drilling. Hermetically sealed, 
Type 620 has recessed solder lugs at rear for electrical 
connections. Total registration 9,999.99 hours, weight 
about 4 ounces. Designed primarily for military use, 
the unit will give unsurpassed service in rugged indus- 
trial applications. 


TYPE 120 Miniature AC Motor (right) is rated 115 volts, 
60 cycles. Permanent-magnet design assures fast response 


ELECTROMECHANICAL DIVISION 


JUNE 1960 


and truly synchronous operation. Running torque .08 
inch ounce at 240 rpm rotor speed, weight approx- 
imately 2 ounces. 


TYPE 821 Ungoverned DC Motor (bottom) for no-load 
speeds from 8,000 to 20,000 rpm. Typical 28-volt arma- 
ture develops 14,200 rpm no-load, 12,600 rpm at 0.1 
inch ounce load, with current drain about 100 ma. 
Weight under 2 ounces. Meets MIL-T-5422E. 


TYPE 890 115-Volt 400-Cycle Motor (left) is a single-phase 
hysteresis-synchronous motor. Available as basic 7%” 
motor (like Type 120 at right), or in 1-inch flange- 
mounted can illustrated, containing motor and capacitor 
network. Produces .01 inch ounce torque at 3000 rpm. 
Weight under 2 ounces. 


Write for complete information, specifications. 


CRAMER CONTROLS CORPORATION 


CENTERBROOK, CONNECTICUT 
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ASSOCIATION Activities 


Computer Conference Proceed- 
ings Published 


The Proceedings of the 1959 Eastern 
Joint Computer Conference, 260 pages, 
has been published. It contains the 31 
papers prepared for presentation at 
the Boston Conference, December 
1959. Illustrations and complete tran- 
scripts of the discussions held in con- 
nection with each paper are included. 
Copies are $3.00 and may be ordered 
from the Institute of Radio Engineers, 


1 E. 79 St., New York 21. 


Call for Magnetism Conference 
Papers Issued 


Papers are solicited for the Sixth An- 
nual Conference on Magnetism and 
Magnetic Materials, sponsored by the 
AIEE and the American Institute of 
Physics. Authors should submit titles 
and abstracts by August 26 to A. M. 
Colgston, Program Chairman, Bell 
Telephone Laboratories, Murray Hill, 
N. J. The Conference will be held in 
New York City, November 14-17, at 
the New Yorker Hotel. 


Magnetic Amplifier Conference 


Papers Solicited 
The 


deadline for 


Annual Conference 


Katz, Bell Telephone 
Inc., Whippany, N. J. 


CALENDAR of Meetings 


June 1-2 — 


Advances in Solid-State 


versity, Milwaukee. 


June 1-3—Sixth Annual Instrument 
Instrumental 
Symposium, 


Society of America 
Methods of Analysis 
Montreal, Canada. 


June 6-10—Machinability Seminar 
(sponsored by Pennsylvania State 
University) , Conference Center, Uni- 


versity Park, Pa. 


June 12-17 — Design Engineering 
Seminar, Pennsylvania State Uni- 


versity, University Park, Pa. 


June 13-14 — 


Hotel, Washington, D.C. 


June 20-22 — Applied Mechanics 
Conference (sponsored by ASME), 
Pennsylvania State University, Uni- 


versity Park, Pa. 


June 20-24—AIEE Summer Gen- 
eral Meeting, Chalfont-Haddon Hall 


Hotel, Atlantic City, N.J. 


Institute on Recent 
Devices 
(sponsored by Department of Elec- 
trical Engineering), Marquette Uni- 


Radio Frequency 
Interference Symposium, Shoreham 


June 22-24—FElectronic Standards 
and Measurement Conference (spon- 
sored by AIEE, IRE, NBS), NBS 


Boulder Laboratories, Boulder, Colo. 


June 23-24—Tutorial Program on 
Solid-State Electronics (sponsored 
by AIEE and IRE), Purdue Uni- 


versity, West Lafayette, Ind. 


June 25-July 9 — First Congress, 
International Federation of Auto- 
matic Control, Moscow, U.S.S.R. 


June 26-July 1—American Society 
for Testing Materials Annual Meet- 
ing, Chalfont-Haddon Hall Hotel, 
Atlantic City, NJ. 


June 27-29 —National Convention 
on Military Electronics (sponsored 
by IRE), Sheraton Park Hotel, 
Washington, D.C. 


Aug. 9-12 — Pacific General Meet- 
ing of AIEE), El Cortez Hotel, San 
Diego, Calif. 


Aug. 23-26 — Western Electronics 
Show and Convention, Ambassador 
Hotel, Memorial Sports Arena, Los 
Angeles. 


SEPTEMBER 


SMTWTFS 


Sept. 7-8 — Electronic Industries 
Association Conference on Value 
Engineering, Disneyland Hotel, 
Anaheim, Calif. 


Sept. 7-9 — Joint Automatic Con- 
trol Conference (sponsored by 
AIChE, AIEE, ASME, IRE and 
ISA), Massachusetts Institute of 
Technology, Cambridge, Mass. 


Sept. 19-22—National Symposium 
on Space Electronics and Telemetry, 


Shoreham Hotel, Washington, D.C. 


Sept. 21-22—Industrial Electronics 
Symposium (sponsored by AIEE 
and IRE), Sheraton-Cleveland Hotel, 
Cleveland, Ohio. 


Sept. 22 — Technical Conference 
on Plastics in Business Machines 
(sponsored by Society of Plastics 
Engineers), Sheraton Inn, Bing- 
hamton, N.Y. 


Sept. 26-28—Standards Engineeers 
Society Annual Meeting, Hilton 
Hotel, Pittsburgh, Pa. 


Sept. 26-30 — Instrument Society 
of America International Conference 
and Exhibit, New York Coliseum, 
Hotel New Yorker, New York. 
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submitting final 
manuscripts of papers for the fifth 
on Non-Linear 
Magnetics and Magnetic Amplifiers is 
July 15, 1960. The conference, spon- 
sored by AIEE and IRE, will be held 
in Philadelphia October 26-28. Authors 
should submit manuscripts to David 
Laboratories, 
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AEROVOX MOTOR-RUN CAPACITORS 


rier with a new compact Irawn metal ca F iouble el 1 
fically to meet the der 
nditioning industry 
motor-rur ipacitor 
shorter thar ntional units enabling 
verall ct 


has been achieved 





trical perform yince and life characteristic: » ¢ design engineering re 


high quality mater ils and superior manufacturing know training and experier 


how are still a very important part of these new compa solving your specia 


units. Available in voltage ratings of 236, 370, 440 and to draw upon Aerovox 
660 VAC in a wide range of capacitances for prompt in the design and n 
delivery in production quantitie: All units furnished i refrigeration, air yNnditior 


Write today for descriptive literature on our new COMPACT 


AEROVOX CORPORATION ... 
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FREE ANALYSIS 


OF YOUR SMALL METAL PARTS 
WELDING PROBLEMS 


5400 Pigtails Assembled and Welded per Hour! 


PROBLEM: join copper pigtails to brass resistor caps at highest possible 
rate, lowest possible cost, and with maximum production efficiency. The 
method previously used was mechanical staking which resulted in inferior 
joining. 


SOLUTION: a Raytheon Welding Analyst recommended — and Raytheon 
designed and built — a fully automated precision welding system. 


RESULT: pigtails welded at the rate of 5400 per hour, with consistently 
excellent electrical, electromechanical and en- 
vironmental characteristics. 


HOW YOU CAN BENEFIT: 

lf you have a small metal parts joining problem, 

see your Raytheon Welding Analyst. He will be 

happy to help you—without cost or obligation. Mail 

the coupon below for full details. Excellence in Electronics 


I TO: RAYTHEON COMPANY 
t COMMERCIAL APPARATUS AND SYSTEMS DIVISION 
I MANCHESTER, NEW HAMPSHIRE 


(-0 Please send me literature on Raytheon Welding 


MAIL THIS Systems. 
COUPON (J Please have a Raytheon Welding Analyst contact me. 
My problem is: (describe metals, thicknesses, type of 


FOR FREE part, etc.) 
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MEN in Industry 


E. E. Moyer, former director of re- 
search at Acme Electric Co., has been 
named head of research and develop- 
ment at C & D Batteries, Pennsburg, Pa. 
plant. Mr. Moyer holds some forty pat- 
ents and has others pending, principally 
in the field of rectifiers and control cir- 
cuits. In his new capacity at Penns- 
burg, he will specialize in expanding 
the battery-charger line and also direct 
design and development of custom 
equipments. C & D of Conshohocken, 
Pa., a division of Electric Autolite Co., 
specializes in the design and manufac- 
ture of industrial storage batteries and 
battery chargers. 


Alan D. Franklin has been appointed 
chief of the Mineral Products Div. of 
the National Bureau of Standards. He 
has been acting chief since late 1959. 
Dr. Franklin will direct research on 
properties of non-metallic inorganic 
solids, including properties of materials 
at high temperatures. 


In the inauguration of a program of 
value engineering, Anthony R. Tocco 
has been appointed corporate value en- 
gineer for Hughes Aircraft Co., Culver 
City, Calif. 


Charles W. Carruthers has been ap- 
pointed chief engineer for Electro- 
mechanical Components Operations of 
Raytheon Company’s Industrial Com- 
ponents Div. Mr. Carruthers was for- 
merly manager of the space propulsion 
program in the Advanced Development 
Dept. 


Appointment of Edward O. Johnson as 
chief engineer, RCA Semiconductor 
and Materials Div., has been an- 
nounced. He was previously manager, 
Advanced Development, for the divi- 
sion. 


An Advanced Development Division 
has been formed at the Laboratory for 
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New machine with a memory licks 
a quality problem 3 miles long ! 


It’s relatively simple to control quality of tinplate 
sheets by running them individually through sensing 
stations. But, how do you check and control quality 
in a coil of tinplate up to 16,000 feet long? 


Working with a leading tinplate producer, Cutler- 
Hammer engineers devised an ingenious new type of 
computer that hooks right onto the sensing stations 
and automatically keeps track of every defect. When 
the tape is checked, production controls can be 
quickly adjusted to compensate for any deviation 
from standard. 


WHAT’S NEW? ASK... 


This is an example of the new thinking, the new 
vitality at Cutler-Hammer. We’re on the move... 
with new products, new ideas, new engineering talent. 
We've solved problems that other companies in our 
field wouldn’t even tackle. One of our divisions, with 
extensive microwave and electronic experience, gives 
us even more creative muscle in all fields of industrial 
automation. 


Even our trademark’s new, to symbolize the new 
Cutler-Hammer. Phone one of our sales offices and 
see how we can fit on your team. 


CUTLER-HAMMER 


Cutler-Hammer inc., Milwaukee, Wis. ¢ Division: Airborne Instruments Laboratory ¢ Subsidiary: Cutier-Hammer international, C.A. 
Associates: Canadian Cutier-Hammer, Ltd.; Cutler-Hammer Mexicana, &. A.; Intercontinental Electronics Corporation 
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Avoter lime ond Labor Suer 


for finishing wire leads 


with ARTOS AUTOMATIC CS-6 


A new collecting device 


is now available for use on 


the popular Artos CS-6 
wire-measuring, Cutting 
and stripping machine. 


Illustration shows the 
Single Conductor Stranded Wire 
eet tenia new collecting trough 
Single Conductor Solid Wire 
SS 
2-Conductor Parallel 
Stranded Wire 
== 
300 Ohm Television Wire 
~~ 


SJ Cord after wire has been cut, 


SMTA 
Heater Cord 


(AE-478). Upper trough 


collects wire leads up to 


into the lower trough 


thus saving operator time. 


a a 
Shielded Wire with Rubber Jacket 


Production speeds of 3000 finished wire leads per hour up to 
15 inches long. Maximum cutting length is 194 inches... strip- 
ping up to 2 inches at one or both ends. Artos also makes ma- 
chines that measure, cut, strip and attach terminals automatically 
at one or both ends. 


Operated by unskilled labor. Errors and work spoilage, due 
to human element, are eliminated. Machines are easily set up 
. and adjusted for different lengths of wire and stripping. 


Proved performance. Time-consuming hand stripping jobs 
which once were a bottleneck in many plants are gone forever. 
As a result, Artos automatic wire strippers are paying their way 
in the mass production of television and radio sets, electrical 
appliances, motor controls and instruments of all kinds. 


If you need big capacity on wire lead finishing, WRITE for 
descriptive Artos Bulletin No. 36. Engineering consultation 
without obligation. 


AGENTS 
THROUGHOUT THE 


WORLD World Leaders in Automatic Machines 


for Finishing Wire Leads 


AR 1 OS reer 


2741 South 28th Street * Milwaukee 46, Wisconsin 
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Electronics, Boston. The division will 
be under Maurice A. Meyer, who will 
direct research and development of 
new techniques, systems and compo- 
nents in the areas of communications 
systems and techniques, space navi- 
gation, reliability and data retrieval 
and recognition. 


Stan Burns has been named director 
of engineering, American Electronics, 
Inc., Ground Support Div. Mr. Burns 
comes to American Electronics from 
Marathon Electric Mfg. Corp. 


John M. Witzel has been promoted to 
manager of engineering for General 
Electric Company’s Insulating Mate- 
rials Dept., Schenectady, N. Y. He was 
formerly manager of varnish and wire- 
enamel engineering for the department. 
Dr. Witzel will assume responsibility 
for the development of materials for 
the electrical industry, including mica 
products, coated materials, wire en- 
amels and insulating varnishes. 


Wilson R. Smith has been named 
chief engineer, semiconductors, for 
CBS Electronics, Lowell, Mass., man- 
ufacturing division of Columbia Broad- 
casting System, Inc. He joined CBS 
Electronics in 1958 as an engineering 
specialist and was recently elevated to 
manager of engineering. 


Robert F. Knudson has been appointed 
chief engineer of heating products for 
Coolerator Division of McGraw-Edison 
Co., Albion, Mich. Mr. Knudson comes 
to Coolerator Division with over fifteen 
years experience in the heating and ap- 
pliance field. During that time he has 
served with various companies as chief 
engineer in the development of heating 
appliances. 


Edward E. Kirkham, chief of develop- 
ment at Pratt & Whitney Company, West 
Hartford, Conn., since 1958, has been 
named chief engineer of the machinery 
engineering department. Mr. Kirkham 
has been instrumental in the develop- 
ment of the company’s numerically 
controlled machine tools and inspection 
machines. 


Morton E. Goldberg has been promoted 
to supervisor of the reliability and com- 
ponents section, Electronics Research, 
at Armour Research Foundation of 
Illinois Institute of Technology, 
Chicago. He joined the Foundation in 
1955 as a research engineer. 


J. David Marks has been elected vice 
president, production and engineering, 
of Lehigh Valley Industries, Inc. Mr. 
Marks, an electrical engineer, was pre- 
viously manager of engineering for G-V 
Controls, Inc. 
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# 202A FUNCTION GENERATOR—Down to 0.008 cps; 
transient-free! 

Uses: Electrical simulation of mechanical phenomena, vibration 
studies, servo research and testing, medical research, geophysical 
problems, subsonic and audio testing. 

Advantages: No switching transients, continuously variable 
0.008 to 1,200 cps range, 30 v output peak-to-peak constant, hur 
less than 0.05%, square, triangular or electronically synthesize 
sine waves, 1% stability, 0.2 db response, less than 1% distortion 
(sine waves) on all but x 100 range. 


Price: $525.00 (cabinet model), $510.00 (rack mount). 
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# 650A TEST OSCILLATOR—Flat within 1 db, 10 cps 
to 10 MC! 


Uses: Testing TV amplifiers or wide-band systems, measuring 
filter transmission characteristics and tuned circuit response, 
determining receiver alignment, making telephone carrier and 
bridge measurements. 

Advantages: No zero set, no adjustments during operation, out- 
put voltage range 30 uv to 3 v, less than 1% distortion, 20 cps to 
100 KC; less than 2%,100 KC to 1 MC; approx. 5% at 10 MC. 
Hum less than 0.5%, output voltage attenuator, self-contained 
voltmeter, 2% to 3% stability. 


Price: $490.00 (cabinet model), $475.00 (rack mount). 


Easy to operate, - R EC ’ S : O N 


highly stable, 


wide range | O S C L LATO RS 


@ precision oscillators perform a wide variety of audio, video, and low frequency tests. They 
offer the outstanding advantages of flexibility and broad usefulness at moderate cost. Employ- 
ing the @ pioneered RC resistance capacity circuit, the units combine accuracy and reliability 
with ease of operation and minimum adjustment. 


- @ 205AG AUDIO SIGNAL GENERATOR—Six instruments 
_ in one; 20 cps to 20 KC! 


Uses: Measure amplifier gain and network frequency response, 
measure broadcast transmitter audio and loudspeaker response, 
drive bridges, use in production testing or as precision source for 
voltages. Monitors oscillator output, measures output of device 
under test. 
Advantages: Self-contained instrument, no auxiliary equip- 
ment needed. 5 watts output, + 1 db response, less than 1% dis- 
, tortion, hum more than 60 db down, no zero setting, output and 
| input meters read v and dbm; four output impedances. 


' Price: $500.00 (cabinet model), $485.00 (rack mount). 
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@ 206A AUDIO SIGNAL GENERATOR—Less than 0.1% 
distortion; 20 cps to 20 KC! 

Uses: Convenient, precision audio voltage source; checks FM 
transmitter response, makes high quality, high fidelity amplifier 
tests, transmission measurements. 

Advantages: Continuously variable audio frequency voltage, 
(output 15 dbm) 0.2 db response, hum 75 db down, 2% frequency 
accuracy, less than 0.1% distortion. 111 db attenuator with 0.1 db 
steps. 

Price: $750.00 (cabinet model), $735.00 (rack mount). 

Data subject to change without notice. Prices f.o.b. factory. 


pioneered the world-famous HEWLETT-PACKARD COMPANY 
siste L 1031M Page Mill Road Palo Alto, California, U.S.A. 
resistance-capacity Cable “HEWPACK” DAvenport 6-7000 


oscillator circuit HEWLETT-PACKARD S.A. 
Rue du Vieux Billard No. 1, Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36 6428 


Field representatives in all principal areas 
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‘*Show me how an engineered cord 
set can... 

@ improve product appearance 

@ cut assembly costs 

© increase customer satisfaction 

e multiply trademark mileage 


for the same — OR LESS — money 
than I’m spending now!” 


SEE FOR YOURSELF 
WRITE FOR 
CATALOG M1 


Miller Electric can show you 
hard-working cord sets that give 
you these advantages — and more. 
Imaginative design, the industry's 
broadest line of stock cord set 
components, plus our complete 
engineering service for problem 
applications. 


co 


120 Main St., Pawtucket, Rhode Island 
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let us fit the transformer 
to your design requirements 


You need not limit your design to off-the- 
shelf components. Hevi-Duty specializes in 
adapting transformer designs to your speci- 
fications. Special ratings can be designed, 
manufactured, and delivered promptly. Here 
are three examples. 


Motor Starting Auto 
transformer, used 
for manual or au- 
tomatic reduced 
voltage starting of 
synchronous and 
induction motors 
Terminals are 
mounted on the coil 


Air core current limiting 
reactor, designed to limit 
the short circuit current 
in a special application 
on a 550-volt circuit. 


ther details or 


Fur ; 
yoilable 


quotations a 


ypon your roger 


Molybdenum furnace 
power supply. Water- 
cooled output bus, single 
phase, 


A DIVISION OF iCc}— BASIC PRODUCTS CORPORATION 


COMPANY Briefs 


Sale by the Clary Corp., San Gabriel, 
Calif., of its Adding Machine and Cash 
Register Division assets to Sperry Rand 
Corp., Remington Rand Div., New York 
City, has been announced. The trans- 
action will add a line of full-keyboard 
adding machines and cash registers 
which were not formerly in the 
Remington Rand product list. 


The Budd Company, Philadelphia, has 
acquired the assets of Metrol, Ine., 
manufacturers of electromagnetic non- 
destructive testing equipment, with 
headquarters in Pasadena, Calif. Pur- 
pose of the acquisition is to expand 
The Budd Company Instrument Di- 
vision’s testing equipment line. 


Merger of Magnetic Amplifiers, Inc. 
of New York City into The Siegler Corp. 
of Los Angeles has been completed. 
The new division of Siegler manufac- 
tures flight-control systems, commercial 
TACAN equipment, missile check-out 
equipment, servo systems and speed 
controls, 


Research activities of Bell & Howell 
Co., Chicago, and its California sub- 
sidiary, Consolidated Electrodynamics 
Corporation, have been combined into 
a single, expanded research division. 
The research division will be located 
at CEC’s headquarters in Pasadena. 


A new firm, Circuit Materials Corpora- 
tion, New Brunswick, N. J., has been 
formed. Circuit Materials will special- 
ize in adhesive-coated copper-foil prod- 
ucts, used in the manufacture of printed 
circuits. The corporation has acquired 
the adhesive-coated copper foil business 
previously handled by the Permacel 
Division of Johnson and Johnson. 


An environmental engineering divi- 
sion, offering services and products to 
companies in the electronics and missile 
field, has been organized by the 
Bethlehem Foundry and Machine Co. in 
Bethlehem, Pa. The division will offer 
engineering and_ special fabrication 
capabilities to produce environmental 
test chambers. 


Kearfott Division, General Precision, 
Inc., Little Falls, N. J., has formed 
the Kearfott Semiconductor Corp. with 
engineering and production facilities 
located in W. Newton, Mass. Initial 
emphasis will be on production of 


alloyed and diffused silicon and ger- 


HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN . ° : . 
manium switching transistors. 


Industrial Furnaces and Ovens, Electric and Fuel * Laboratory Furnaces * Dry Type Transformers * Constant Current Regulators 
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FLANGE 


The new Ledex Digimotor is a step- 
ping motor or indexing device with 
exceptionally high reliability and 
torque-to-size ratio. Its new design 
concept gives it features never before 
available. Size 5 stock models come 
in a variety of shaft positions and in 
any duty cycle within a wide operat- 
ing voltage range. It is jam proof, 
permanently lubricated, has mag- 
netic anti-overcoast, and operates at 
“whisper” noise level. 

New Ledex Digimotor Switches are 
rotary selector switches with all ad- 
vantages of the Digimotor drive plus 
other special features. 
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Ledex Digimotor, 


IS MAJOR ADVANCE IN 


8 position 24 position 


Ledex, Inc. was formerly G. H. Leland, Inc. 
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STEPPING MOTOR FIELD 


1/15 sec 1/25 sec 


| 
DETENT 


Other Ledex products include Ro- 
tary Solenoid, Rotary Solenoid 
Selector Switch, Hermetically Sealed 
Selector Switch, and Syncramental 
Stepping Motor. Mechanical appli- 
cations include actuation of valves, 
vanes, printers, shafts. Switching ap- 
plications include circuit selecting, 
stepping, counting, programming and 
sequencing. Write for literature, 
mentioning application, to Ledex, 
Inc. (formerly G. H. Leland, Inc.), 
Dayton 2, Ohio; Marsland Engineer- 
ing, Ltd., Kitchener, Ont.; NSF Ltd., 
31 Alfred Place, London, Eng.; NSF 
GmbH, Nurnberg, Germany. 
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IBM MANAGEMENT OPERATING SYSTEM 


To coordinate planning and control functions continuously 
throughout the manufacturing cycle IBM has developed a 
unique Management Operating System. This system makes 
use of existing IBM data processing equipment, proved in 
thousands of industrial installations. 


WHAT IS THE IBM MANAGEMENT OPERATING SYSTEM? 
MOS is a data processing technique that provides the infor- 
mation needed to control your manufacturing cycle. It is 
designed to handle automatically the decision data required 
to carry out related functions, from planning and operations 
control to evaluation. It provides accurate data on a con- 
tinuing basis ... in time for effective management decisions. 


HOW IBM 

MANAGEMENT OPERATING SYSTEM 
US Ue Bt) 

THE MANUFACTURING CYCLE: 


3RENT DATA TO CONTROL 
TURING CYCLE... 
PERATION MORE EFFICIENT, 
ESPONSE TO CHANGES 


WHO CAN USE MOS? 

The IBM Management Operating System is a flexible tech- 
nique that can be applied to most types of industrial opera- 
tions. Every manufacturing operation is unique, however, and 
IBM manufacturing representatives have been trained to work 
with you to adapt the basic concepts to your needs. This is an 
important aspect of IBM Balanced Data Processing—compat- 
ible equipment backed by complete services. Itegives you 
comprehensive support in applying the system to your com- 
pany’s operation. 


For full information about the IBM Management Operating 
System, contact your local IBM office. 


FORECASTING 


Sales data 


ESL 
aU LILLE 


RTA Tec METaE IES 
produce a finished requirements 


product plan 


are determined 
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EVALUATION 


ating data is 


UN UHL Le 


Work priorities 


eee ae 
MANAGEMENT SCHEDULING 


| rs a7 > 
Optimum inventory Based ustomer 


€ 
-Y PITT 
are established to 

andards. Exception 


requirements and mplement the 


levels are established 





as t TI ii 
and maintained available facilities manufacturing plan , 
G talon, 
Purchase orders and a manufacturing plan Persea alee lamar le( ; , 
5] hed for 
manufa ring > is produced to meet engineering and 
anufacturing orders : t Murari 
are created shop changes , 
3 


BALANCED DATA PROCESSING 
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LATCRNING 
RELAYS 


ENCLOSED 
PLUG-IN TYPE 
(RLP) 


NOW “tin 
AVAILABLE 
TWO 
WAYS!... 


You'll find our Series RL & RLP Latching Relays are 

ade best to perform best, with an added plus 
they are available either OPEN or PLUG-IN. Both 
type ; feature gold flashed load contacts, providing 
reliability when switching extremely low amperage 
ircuits, as wel! as completely eliminating contact 
oxidation prior to use. Operational reliability is 
assured through the use of a 100% checkout be- 
fore shipment. Series RL Plug-in relays are thor- 
yughly checked for continuity through the use of 
a punched card testing unit 


RL & RLP are mechanical latch units 
which require only a momentary pulse for opera- 
tion, thereby eliminating current drain and chatter. 


The Series 


SPECIFICATIONS: 
Contact Ratings: 10 amps. non-conductive 
Contact Arrangement: up to 6 PDT (open Type) 
up to 5 PDT (plug-in Type) 


For more information about thé Series RL & RLP 
Latch Relay circle the reader service number be- 
low. However, if you want a copy of our complete 
catalogue, send your request to our new address 
as shown below 


ELECTRIC 


LINE ELECTRIC COMPANY 


241 River Street, Orange, N. J. 
AFFILIATE — INDUSTRIAL TIMER CORPORATION 
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BOOK Reviews 


ASTM Standards on Copper and 
Copper Alloys. Sponsored by 
Committee B-5, American Society for 
Testing Materials, 1916 Race St., 
Philadelphia 3. 706 price 
$7.50. 

Specifications plus standard and tenta- 

test 


copper-base 


pages, 


tive methods for copper and 


alloy products are con- 
tained in this compilation. More spe- 
cifically, the 


conductors, wire, rod, pipe and tube, 


products are electrical 


shapes, sheet, etc. 


Tabulation of Data on Receiving 
Tubes, C. P. Marsden, W. L. Keery 
and J. K. Moffitt. National Bureau 
of Standards Handbook 68, 
intendent of Documents, U. S. Gov- 
ernment Printing Office, Washing- 
ton 25, D. C. price $1.00. 

This tabulation of data on electron tubes 

currently in use has been prepared as 

part of the National Bureau of Stand- 
ards Electron Devices Data Service. The 
selected 


Super- 


110 pages, 


dia- 


grams and other data was taken from 
manufacturers’ 


characteristics, basing 


published — specifica- 
tions. There is a numerical listing by 
type number and a characteristic list- 
ing in which tubes are arranged by 
tube type and on the basis of one or 
two important parameters. 


Introduction to Matrix Analysis, 


Richard Bellman, McGraw-Hill Book 

Company, New York (1960). 328 

pages, $10.00. 
The author, a mathematician with 
The Rand Corporation, covers the three 
basic fields in the analysis of matrices: 
symmetric matrices and quadratic 
forms, matrices and differential equa- 
tions, and positive matrices and their 
use in probability 
ematical 


theory and math- 
The use of mat- 
rices in the solution of ordinary and 
partial differential equations by digital 
computers is discussed as well as dy- 
namic 


economics, 


programming and_ stochastic 
matrices. Throughout his book, the au- 
thor has devoted a great deal of thought 
to the application of matrix theory in 
analysis, and other methods of interest 
to the engineer, who will find the well- 
presented examples and exercises val- 
uable tools for the study of what the 
author calls “the arithmetic of higher 
mathematics.” 
finding 


For engineers who are 
applications of matrix 
theory in their work than they thought 
of in their college days, Mr. Bellman’s 
book will be invaluable and supple- 
ment the information given in two re- 
cent articles in the ELectricaL MANnu- 


more 





REVCOR 


we can keep 
you informed 
of the latest 
developments 


"AIR 


IMPELLERS 


BLOWER WHEELS 


Single and double In- 
let. Diameters from 
3-27/32" to. 18°*. 
Widths 1’ to 15”. 
Housings and Inlet 
Rings also available. 


FAN BLADES 


8 types for ail 
applications. Di- 
ameters from 6” 
through 48”. 


AVAILABLE 


Ite eld a mss aal 
ing the 


tea 


complete 


REVCOR wc. 


257 EDWARDS STREET 
eri Ta his eho eae 
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».. made more useful 
by MACALLEN 


cf 
Bonds of superior flexibility and adhesive strength unite the thin films of \ ha 
ad 


selected India Sheet Mica in MACALLEN Flexible Plate No. 7. Readily , 

formed into desired shape without the use of heat, No. 7 is widely used 

for insulating armature slots, transformers, magnet and commutator el 
cores, and field coils. It is one of the many MACALLEN Mica Products 

used for greater efficiency and economy by the electrical industry since 


1892. Find your insulation “answer” in our free Catalog 25. Send for 
it today. 


MACALLEN IGA  S= 


es aN 
° ALL FORMS °e ALL QUANTITIES fa TAX Ye’ 
°e ALL DEPENDABLE \ 
THE MACALLEN COMPANY, INC. 


Bay Road, Newmarket, New Hampshire CHICAGO: 565 W. Washington Bivd. 
CLEVELAND: 1231 Superior Ave. 
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improved ribbon contacts can’t “set”, 
have extended mating range 


Since the development of Blue Ribbon connectors by AMPHENOL 
in 1946, the unique, ribbon-like spring contacts that are the 
heart of these connectors have undergone continuing design 
improvements. Here are some examples of present efficiency: 
Blue Ribbon contacts can’t be “set” or overstressed; they pro- 
vide full-range electrical mating action with no intermittant 
contact action even under extreme vibration; a double-stub 
design effectively secures the contact in the dielectric; gold- 
over-albaloy plating withstands 500 cycles of mating without 
galling; mating force requirements have been reduced to % 
pound per contact. 

Today, AMPHENOL Blue Ribbons are the optimum rack & 
panel connector for such applications as computers, recorders, 
monitors and other equipments in both commercial and mili- 
tary systems. Blue Ribbon reliability has proved to be out- 
standing. 


availability 


The Blue Ribbon family is large—5 different types 

in 8 to 32 contacts plus 50 contact circulars. Mini- 
aturized Micro-Ribbons are also available for ap- # 
plications where space is a factor. Blue Ribbons § 
have been adapted to many special needs, with @ 
the AMPHENOL Engineering Department offering 
continuing consulting service in the design of cus- 
tom connectors based on the unique Blue Ribbon 
principle. 


ccicididiiditin | 
ROCCO CUCL ACEA LL 


“Ok Pe OSB Oe Ee! 


For Cataloging write to... 


CONNECTOR DIVISION 


1830 S. 54TH AVE., CHICAGO 50, ILL. 
Amphenol-Borg Electronics Corporation 
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FACTURING Science and Engineering 
series: “Determinants and Matrices,” 
by Allan D. Kraus and Gerald F. Ross 
(December 1959); and “Network 
Analysis,” by Louis Weinberg (Janu- 
ary 1961). The latter’s other papers are 
frequently quoted by Mr. Bellman 
among the carefully selected references 
to original papers, current research, 
and books that will guide those who 
wish to study the more advanced 
theories of matrix analysis. (See Appli- 
cation of the Theory of Matrices, by 
F. R. Gantmacher, below.) —a.M.H. 


Applications of the Theory of 
Matrices, F. R. Gantmacher, 
Translated from the Russian by J. L. 
Brenner, D. W. Bushaw and S. Ev- 
anusa, Interscience Publishers, Inc., 
New York (1959). 317 pages, $9.00. 

This book is a translation (with re- 
visions) of the second part of A 
Theory of Matrices, which was pub- 
lished in 1954, The first part, contain- 
ing introductory material and general 
matrix theory available in English texts, 
was not translated. (See Jntroduction 
to Matrix Analysis, by Richard Bell- 
man, reviewed above.) 

This translation is supplemented with 
appendices and explanatory footnotes, 
and it is thus a self-contained work even 
without the original first part. Most 
engineers will find the author’s dis- 
cussion of the theory of matrices, as 
it is applied to the study of systems 
of linear differential equations, most 
interesting. 

This is by no means an elementary 
text, yet the theorems (for example, 
Lyapunov’s) are so clearly presented 
and the proofs so logically developed 
that, after even an elementary intro- 
duction to determinants and matrices 
(see ELectricAL MANUFACTURING, De- 
cember 1959), one would have no diffi- 
culty in understanding this book. Cer- 
tainly this credit for clarity belongs, 
at least in part, to the translators. 

—A.M.H. 


Electronic Circuits, Signals, and 
Systems. Samuel J. Mason and 
Henry J. Zimmerman, John Wiley 
and Sons, Inc., New York (1960). 
616 pages, $12.50. 


The authors—both professors of Elec- 
trical Engineering at M.I.T.—present 
most competently the matrix, topologi- 
cal, and signal-flow-graph methods of 
circuit analysis. The Fourier theory is 
introduced and applied to the descrip- 
tion of signals, including some random 
signals. Amplifier circuits are used to 
illustrate the transmission of signals 
through linear systems, for which trans- 
form techniques and convolution pro- 
vide the basic mathematical tools. This 
material is also applied to non-linear 
and time-varying linear systems. The 

(Continued on page 193) 
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To OEM’s who want to 
reduce the size of 
their control panels 


The small size of General Electric panel 


components offers OEM’s the opportunity 


to reduce the size of their panels up to 


40%. Consider these 


Example 1: Suppose you lay out a 
panel— including several size 1 or 2 
starters or contactors—and the de- 
vices you choose fill up 900 square 
inches of space. To meet JIC stand- 
ards, you must then enlarge your 
panel to 1170 square inches (add- 
ing 30% of clear panel mounting 
space). Because General Electric 
starters and contactors in these sizes 
are from 10 to 50% smaller than 
those of major control suppliers, 
you can avoid enlarging your panel 
beyond 900 square inches by using 
G-E devices. And you can still meet 
the standards and save on the sheet 
metal and labor required for a larger 
panel. 

Example 2: If you build motor con- 
trol centers in 7-, 914-, and 14-inch 
modules, you can stack General 
Electric size 2 starters eight com- 
partments high. (This compares to 
five for most leading control man- 


two examples: 


ufacturers.) Thus you can save in 
steel work and up to 40% in the 
user’s floor space. 


Similar advantages of small size, 
minimum wiring time, mounting 
convenience, and fast delivery are 
available with not only starters and 
contactors but also with General 
Electric relays, pneumatic timers, 
and push buttons. You can get some 
of these advantages from other man- 
ufacturers of panel components, but 
General Electric offers all these 
measurable advantages—and the 
greatest over-all savings to you. 


For more information, contact 
your General Electric Apparatus 
Sales Office or request bulletins 
GEA-7020 (magnetic starters), 
GEA-7021 (relays), and GEA-5779 
(oil-tight push buttons) from Gen- 
eral Electric Company, Section 811- 
09, Schenectady 5, N. Y. 


You get MEASURABLE ADVANTAGES 
WITH GENERAL ELECTRIC CONTROL 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 
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SIZES 0 AND 1 STARTERS are 42% smaller 
than previous forms and about the same 
height as G-E 4- and 6-pole machine 
tool relays. Straight-through wiring 
means no looping of wiring around sides; 
only 12-inch side spacing required be- 
tween starters. 


REDUCE YOUR 
PANEL SIZE 
BY ONE THIRD! 


SIZE 2 STARTERS are 34% smaller than 
previous forms; can reduce your panel 
space by 1/3. Wiring, coil, contacts, and 
overload relays are all accessible and 
removable from the front, eliminating 
need for extra space around the device. 


COMPACT RELAYS save space, simplify 
installation and inspection. Less wiring 
room is needed because all terminals are 
in front. Machine tool relays are avail- 
able in 2- through 12-pole forms. 


2-IN-1 ILLUMINATED PUSH BUTTON replaces 
standard oil-tight button and light. This 
means a saving in money and a measur- 
able 50% saving in space. 
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How General Electric’s zav° czao 
motor gives you 
MORE THAN A MOTOR... 


ON-TIME DELIVERY 
OF THE EXACT 
MOTORS YOU NEED 


Every order you place—large or small--for G-E 
Tri/Clad ‘55’ motors is important to General Electric. 
Consequently, you can depend on getting just the motors 
you need, and on time. 

This prompt service is made possible by: 

LOCAL WAREHOUSING You can get off-the-shelf de- 
livery of standard Tri/Clad ‘55’ motors from a nationwide 
network of motor warehouses. Your choice of over 300 
models from factory, local warehouse and distributor stock 
is as near to you as your telephone. 

FLEXIBLE FACILITIES—-General Electric’s modern motor 
plants feature high-speed production lines to provide 
short-cycle delivery on a full line of standard and industry- 
specified Tri/Clad ‘55’ motors. 

Immediate availability and prompt delivery of the 
exact motors you need is General Electric’s way of making 
your purchase truly more than a motor. For more infor- 
mation contact your local G-E Apparatus Sales Office, or 
write Section 840-31, General Electric Co., Schenectady 
5, New York. 


Other '‘More Than A Motor”’ benefits of G-E Tri/Clad ‘55’ 
Motors: Expert Application Aid ¢ Constant Design Inno- 
vation e Complete Line e Fast, Local Backup Service e 
Durable, Long-life Performance. 


FULL LINE of Tri/Clad motors includes: (A) Footed dripproof, 
polyphase (B) C-face, close-coupled pump (C) Explosion-proof, 
non-vent (D) TEFC (E) Vertical, hollow-shaft (F) Vertical, solid- 
shaft, P-base, single-phase (G) Vertical, solid-shaft, P-base poly- 
phase (H) Enclosed, air-over (I) Single-phase, general-purpose 
(J) Hydraulic pump (K) Dripproof, resilient base (L) Single-phase, 
farm motor (M) Explosion-proof, fan-cooled (N) C-face, round- 
frame (O) Brake motor (P) Enclosed non-ventilated, polyphase 
(Q) TEFC, severe duty (R) Thinline, enclosed (S) Fan-cooled, 
single-phase. All give Tri/Clad ‘55’ motor quality. 


GENERAL @@ ELECTRIC 








ek er 


Ean ed 


_— 





TO MEET customer emergency requirements, General Electric Tri/Clad ‘55’ motors are frequently shipped by air. 





G . i 


A FULL-LINE OF GENERAL ELECTRIC Tri/Clad ‘55’ motors means you can get the right motor for every application. 





negative-feedback concept is introduced 
and illustrated by well-chosen examples. 

Whereas this book has the general 
format of a textbook (and is being 
used as one), it bears witness to the 
recent revision of the Electrical Engi- 
neering course at M.I.T., which gives 
priority to basic principles and methods 
of analysis rather than to a presenta- 
tion of current theory. As such, it will 
find a permanently useful place in the 
library of the design engineer. —A.M.H. 


Value Engineering—1959._  Pro- 


ceedings of the EIA Conference on | ‘ 
Value Engineering, published ra 1 COMPLETE SOURCE FOR 


Engineering Publishers, P.O. Box 2, | * 
Elizabeth, N. J. 165 pp., $6.00. ">" KE j;-* z ‘ QC NI 
This book contains the complete ver- | 
sions of all of the technical papers | TAPES - 0.001" to 0.1875”- RODS, CYLINDERS, SHEETS, 


eS i ene ae | SPAGHETTI, MACHINED PARTS... of virgin and reproc- 


Association Conference on Value Engi- | , 
ociation Conference on Value Engi- | essed Teflon, Colored Teflon or special Teflon mixtures 
neering held at the University of 


Pennsylvania October 6 and 7, 1959. 


The papers cover basic concepts and | QUALITY CONTROLLED from powder to finished part. 
philosophies, techniques, applications, COMPLETE FACILITIES for mixing, molding, and machining 
and relationship with other work areas. from one supplier. 
Customer, manufacturer, and vendor | PROMPT DELIVERIES of samples, prototypes, pre-production 
viewpoints are represented. and production runs in any quantity. 

The seventeen contributors are from ENGINEERING SERVICE by nationwide fluorocarbon spe- 
such organizations as General Electric, cialists help specify the exact materials for your needs. 
Stromberg-Carlson, Raytheon, Bureau *duPont t.m. 


of Ships and Bureau of Aeronautics of 
the Navy Department, Army Rocket CORP., Route 73 and Fellowship Road, Maple Shade, N. J. 


and Guided Missile Agency, and Water- Circle 197 on Inquiry Card 
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For the latest advances in data illumination, read: 


Engineering | 6 sage 
Standards 





EIA Standards 


The following recommended standards 
have been made available: 


RS-235, Color Code for Traveling 7 i es he 
Wave Tube Wired Leads, 25¢. eal Y(DIALCO) 
RS-236, Color Code for Semiconduc- acest 7 aaa eg 


tor Devices (Diode and Rectifiers) ee oan nr ier ar 


visual indication by means of read-out 
lights, data display, placard lights, word 
POC Mme eee Ceo eo uC eG 
Applications: data processing, computers, 
automation, motor-controlled devices, 
IEC Stenderds automatic merchandising . .. Comprehensive, 
Two new international standard | colorful. For a free copy, mail coupon now. 


recommendations have been published ao eo oe ee 


by the International Electrotechnical 


25¢. 

Both are available from Electronic 
Industries Association, 2260 Salmon 
Tower. 11 W. 42 St., New York 36. 


DIALIGHT CORP. EM 6-60 
60 Stewart Ave., Brooklyn 37, N.Y. 


Commission. 
Please send copies of “Lights that Enlighten’. 


i 

i 

: | 

IEC 72-1, Recommendations for the oe i 

Dimensions and Output Ratings of | ' 

Electric Motors, $2.40. Motors dealt i 

with are foot-mounted a-c induction ! 

types, 50-60 cps, with shaft heights DIALIGHT 
between 254 and 121% in. and voltages repping bitey ore 

to 600. : 

1EC 112, Recommendation on the 

Tracking Index of Solid Insulating 


Name__ 
Foremost Manufacturer of Pilot Lights Position 


Company meas 


Address __ cillieiithenaiitimepiaale 


60 STEWART AVE., BROOKLYN 37, N.Y. 
Mea a Li eel) i ; ee le Dee 
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America’s modern way of doing business 


- be! 
aa 2, Py 


New styles from world’s largest manufacturer of children’s dresses arrive at fashion show fast... delivered by AIR EXPRESS 


‘*Cinderella"’ is first to market with Air Express 


These youngsters are about to model the /atest collection of ‘‘Cindere/la’’ frocks for the junior set. 
This debut of new creations by Rosenau Brothers is the ‘‘Paris showing” of the children's market. 
New fashions often must bow at buyers’ showings thousands of miles from the Philadelphia factory— 
just hours after the /ast stitch was sewn—or /ose a big order. That's why Cinderella takes no 
chances —ships by AiR ExPRESS regularly. Only low- 
cost AIR EXPRESS assures overnight delivery coast to 


il : ' 
coast. These advantages could help you, too! Call AiR AlR EXPRESS 
Ee 


EXPRESS and be FIRST TO MARKET...FIRST TO SELL. 


& CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY + GETS THERE FIRST V/A U. S. SCHEDULED AIRLINES 
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1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21 | Materials, $2.40, deals with compara: 
$2, BE, OA, OE, 08; AT, TEED, OD, SI, 32, BB, 34, B5, 96, 37, BE, 90 | Se eetion: totes ender mit 0n- 
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57 Cashes are offered by (American 
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75 Standards Association, 10 E. 40 St., 
76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93 New York 16. 
94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108 
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121 | ASA Standards 
122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134 Copies of the following newly issued 
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147 | Standard are available from American 
148, 149, 150, 151, 152, 162 2 ee ee 
161, 162, 163, 164, 165, 166, 168, 169, 170, 171, 172, 173 C83.23-1960, American Standard 
174, 175, 176, 177, 178, . ; , 185, 186 Method for the Determination of the 
187, 188, 189, 190, 191, ~ - - wats “, Elastic, Piezoelectric and Dielectric 
1001, 1002, 1003, 1004, 1005, 10 ee ee 
1112. 1113. 1114, 1115, 1116, 11 The Electromechanical Coupling Fac- 

, ’ ’ ’ ’ > tor, 75¢. (A new approved standard 
1123, 1124, 1125, 1126, 1127, developed by the Institute of Radio 
1134, 1135, 1136, 1137, 1138, Engineers. ) 
1145, 1146, 1147, 1148, 1149, 
1156, 1157, 1158, 1159, 1160, NEMA Standards 
1167, 1168, 1169, 1170, 1171, 2 CP 1-1960, Shunt Capacitors. 50¢. 
1178, 1179, 1180, 1181, 1182, Capacitor units one-half kya and 
1189. 1190, 1191, 1192, 1193 | larger for power factor improvement 
1200, 1201, 1202. 1203, 1204, and other low-frequency a-c applica- 

’ ; amen tions are covered in this revised publi- 
1211, 1212, 1213, 1214, 1215, 12 EE cation. 
HU 1-1960, Industrial Heating Uni 


and Devices, 30¢. This standard covers 
cartridge, tubular, strip and = immer- 
sion heaters. 

Copies are available from National 


Electrical Manufacturers Association, 


MAKE-BREAK CYCLES = -—- 


Availability of the following standards 


has been announced: 


B-7, Light Metals and Alloys. 368 

ae pages, $4.50. The book contains 57 
standards, 15 of which are revised since 

s the previous edition. Three new stand- 


ards are included. Book contains three 
recommended practices, ten methods 
of test. and 44 specifications on mate- 
Ten million perfect operations is just one test result; nearly twenty million rials for electrical purposes. 

D-27, Standards on Electrical In- 
sulating Liquids and Gases. 336 pages. 
Not for an A. P. I. meter-relay. Once the contact on the pointer arm $4.25. Typical of the standards are: 


“makes” with the set-point contact, the two are firmly locked together by Test for Cloud and Pour Points, Tests 
| for Corrosive Sulfur in Electrical In- 


The control dependability of the A. P. I. meter-relay is fact, not fancy. 


decisive make-break cycles were achieved in another test. Exceptional? 


an exclusive A. P. I. design feature; a perfect control circuit is formed sulating Oils, and Tests for Interfacial 


every time. This is one of the reasons A. P. I. meter-relays are used for | Tension of Oil against Water. 
Copies may be ordered from Ameri- 

can Society for Testing Materials, 1916 

monitoring radiation levels and safeguarding vital communications circuits. Race St.. Philadelphia 3. Pa. 


such critical applications as controlling life-sustaining oxygen equipment, 


The meter-relay is both an indicator and controller, sensitive enough to 


operate On very small microampere or millivolt inputs without amplifica- 
: ‘ ; s . Postcard return cards are provided 
tion. Simple, accurate, applicable to any electrically-measurable variable, at end of book as a convenience to 


the reader in obtaining further in- 
formation on 


and control device. You can start by writing for Catalog 4G. e New Components and Mate- 
| rials 
e Literature for the Design 


Engineer 
ya ASSEMBLY PRODUCTS, INC. e Feature Article Reprints 
a ap Snentetand 14, Ohio Advertised Products 
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the A. P. I. meter-relay is well worth investigating as a low-cost monitoring 





Engineers at the Bobrich Products Company, Beacon, 
K ke L L Mi e New York (manufacturers of automatic electric blankets 
and the Magic Touch Massage Couch) were trying 
Wi to make reliable circuit connections the hard way. 


They raised the cover turret (illustration, right) on their 
massage table a few inches then poked a hot iron 
through the narrow opening to solder the leads. 

Trouble was it took too long, it was hard to see and 

they were never sure that a reliable, permanent 
connection had been made. 


The firm eliminated its problem very neatly with the 
[ T N « A-MP Faston Receptacle. Bobrich now terminates all leads 
solderlessly before they're installed. Production rates 
WH have skyrocketed to thousands per hour with the 


A-MP Automachine—and, when the turret is fitted over 
the motor unit, it needs to be lifted only a few inches 
to permit quick manual insertion of the A-MP 

Faston Receptacles onto the waiting tabs. 


Bobrich got a tremendous boost in production, 
saved expensive time and now has assured, 
uniform reliability with each Faston. 


You, too, can have all these advantages by using 
A-MP Faston Receptacles in your circuits. 

For the full story, including technical data, 

send for our Faston Catalog. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia * Canada ¢ England « France ¢ Holland » Japan 
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Editorial REPRINTS Available 


sea cS ROR AA SERENA REN IU ELE RP EEA SN SIC 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numbers at the end of reprint 
listings correspond to the numbers on 
the postcards incorporated in the Read- 
er Inquiry Service Section at the end 
of the book. Readers should circle 


Materials and Techniques for Micro- 
miniaturization (Parts 1 and 2), May 
and June 1960, 16 pages. A combined 
reprint of a two-part article giving in 
detail the past, present, and future 
state-of-the-art of microminiaturiza- 
tion. Covers the reduction in size and 
weight of all subminiature electronic 
component parts including: substrates, 
conductors, resistors, capacitors, pro- 
tective coverings, inductors, solid-state 
diodes and transistors. Also includes 
thin-film techniques and integrated 
solid circuits. (920) 


Machine Tool Electrical Standards 
(NMTBA), June 1960, 18 pages plus 
cover. First revision since March 1956 
of the Electrical Standards sponsored 
by the National Machine Tool Build- 
ers’ Association, Present version pro- 
posed September 1, 1959 and adopted 
with interim revisions January 25, 
1960. (See also JIC Electrical Standards 
for Industrial Equipment, Reprint 924.) 
Single reprints, no charge. Multiple 
quantities may be obtained at the 
following prices: 5-$3.75; 10-$6.00; 
25-$12.50; 50-$20.00; 100-$30.00. 
Send check with order payable to 
ELECTRICAL MANUFACTURING, 205 East 
42 Street, New York 17. (914) 


Precision Ball Bearings for Electromech- 
anical Instruments, May 1960, 4 pages. 
Elements of ball-bearing application 
factors in representative types of criti- 
cal instruments such as servos, syn- 
chros, resolvers, gyro gimbal bearings 
and gyro spin motors. Bearing design, 
materials, lubricants, loading, life ex- 
pectancy and fits are discussed, as re- 
lated to bearings approximately 1 in. 
OD and smaller. (935) 


Editorial Index to ELecrricaL MANv- 
FACTURING for 1959, 24 pages. This 
yearly subject-classified index is com- 
pletely annotated. Includes author, 
index, plus seperate indices for 
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those numbers which correspond to the 
reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittance must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 
No. of 
Reprints 4-12 

] Gratis Gratis 

5 $2.00 $3.75 

10 3.75 6.00 

25 7.50 12.50 


Number of pages 
16-32 


Editorial page, Design Trends, and 
Research Notes departments. Also re- 
produces the EvecrricaL Manvu- 
FACTURING Subject Classification and 
Alphabetical Subject Cross Index 
which form the basis of the index 
system. (915) 


Thermoelectric Heat Pumps, May 1960, 
6 pages. A two-in-one report on the 
cooling ability of commercial thermo- 
electric devices (3M and Westing- 
house). Basic elements of custom-de- 
signed semiconductor-type heat pumps 
and packaged component coolers are 
described. Examples of cooling prob- 
lems are worked out. (941) 


How to Make Basic D-C Measurements, 
May 1960, 14 pages. Starting with a 
description of the standard resistor and 
the standard cell, this guidebook-type 
article shows in detail how direct- 
reading and universal ratio sets can 
be calibrated by bootstrap methods, 
also how two standard types of in- 
strument potentiometers can be cali- 
brated using the standard cell and a 
universal ratio set. (949) 


Power-Supply Circuit Design by Digital- 
Computer Method, May 1960, 7 pages. 
Designing power-supply circuits with 
the help of a digital computer relieves 
the design engineer of many time- 
consuming, routine chores. Laboratory 
data are compared with the computed 


data. (948) 


Plastics Molding Materials for Structural 
and Mechanical Applications, May 
1960, 11 pages. A review of plastics 
molding materials, based on structural 
and mechanical properties and design 
parameters. Newer materials are de- 
scribed in detail. Significance of test 
methods is discussed, with supporting 
tables and graphs. (926) 


The Postulates of Boolean Algebra in 
the Languages of English Words, 
Mathematics, Logic, Engineering, Geo- 
metrical Diagrams, Circuit Diagrams, 
and Truth Tables, April 1960. This 11 
x 17 in. wall chart (from the April 
1960 Science & Engineering insert) 
contains a compilation of the funda- 
mental laws of Boolean algebra: the 
Laws of Combination, the Laws of the 
Unique Elements, and the Laws of 
Negation. For the designer of logical 
circuitry, this tabulation provides not 
only an at-a-glance “translation” from 
one symbolism to another, but also 
the conversion from sums to products 
(and vice versa). (947) 


Magnetism Research Pushes New En- 
gineering Developments (Parts I and 
II), February and April 1960, 20 
pages. Design significance of research 
progress reported at the Fifth AIEE 
Conference on Magnetism and Mag- 
netic Materials on: basic phenomena, 
soft magnetic materials, permanent 
magnets, microwave components, com- 
puter elements and _ instrumentation 
devices. (928) 


Distributed-Parameter Networks for Mi- 
crominiaturization, April 1960, 6 pages. 
An exploration of possible network 
characteristics obtainable by the meth- 
od of sandwiched layers of conductin,, 
dielectric and resistive films. By em- 
ploying the distributed network con- 
cept, it is demonstrated that circuit 
performance unobtainable with lump- 
ed-parameter arrangements can be 
achieved by the layer method. (934) 


Copper and Copper Alloys—Their Prop- 
erties and Design Applications, April 
1960, 9 pages. The properties of cop- 
per and its alloys are related to the 
design needs of electronic equipment 


and systems. Applications of ma- 
terials to design parameters are il- 
lustrated and developed in the text 
and accompanying tables. (933) 


Powder Metallurgy Parts—Their Advan- 
tages in Design, March 1960, 9 
pages. A definitive exposition of the 
advantages of powder-metallurgy tech- 
niques in design of electrical and 
electronic components. Specific case 
histories illustrate design experience 
with these compacted and sintered ma- 
terials. Properties and other design 
parameters are explored and illustrated 
by charts and photographs. (921) 


Fine-Pitch Gear Trains, March 1960, 7 
pages. Gear quality classifications, cen- 
ter-distance considerations, and back- 
lash problems are discussed with re- 
spect to fine-pitch gear applications in 
electromechanical computers, servo- 
positioning feedback systems, instru- 
ments and radars, and in line with 
current and projected ASMA  stand- 
ards. (927) 


Electromagnet Coil Design Charts, March 
1960, 3 pages. Since “wire size” in 
terms of either diameter or area is a 
primary factor in coil design of any 
kind, mathematical relations for design 
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Silicon Mesa Transistors. 


Three new RCA N-P-N high-frequency medium -power transistors, 2N1491, 2N1492 and 2N1493, designed 
specifically for industrial and military communications equipment in the 30-Mc to 250-Mc range 


These three new RCA high-frequency silicon transistors can provide %-watt 
minimum useful power output in a crystal-controlled transmitter at 70 Mc. 

Each of the three new RCA types is controlled for power output and power 
gain to facilitate use in integrated circuit designs. For example, in a high- 
frequency circuit where the 2N1491 acts as an oscillator, the 2N1492 as a 
driver, and the 2N1493 as an rf power amplifier, each type delivers ample 
power to drive the following stage and provide output of 0.5 watt at 70 Mc. All 
three types, packaged in JEDEC TO-12 case with 4” leads, feature a dissipation 
rating of 1/5 watt at 100°C and a maximum junction temperature of 175°C, 

RCA high-frequency silicon Mesa transistors were developed in cooperation 
with the U. S. Air Force, Wright Air Development Division, and initially pro- 
duced in cooperation with the Air Material Command on an Industrial Pre- 
paredness Measure for Military Devices. 

Call your RCA Field Representative today for details. For technical bulle- 
tins on these three types, write RCA Semiconductor and Materials Division, 
F.54-.NN Somerville, N. J. 


Commercial Engineering, Section 


"RATINGS AND CHARACTERISTICS 


2N1491 2N1493° 
Collector-to-Base Voltage 30 60 100 
Emitter-to-Base Voltage ! 2 4.5 
Emitter Current 50 50 —50 
Junction Temperature ; 175 175 


Sy ee ‘Maximum Ratings, Absolute Values ~ 2N1492.— 


Characteristics ot Ambient Temperature 





Max. Output Capacitance 

Min. Power Gain at 70 Mc 
with 10-milliwatt output 
with 100-milliwatt output 
with 500-milliwatt output 





AVAILABLE 
FROM YOUR 
RCA DISTRIBUTOR 


COMMON-EMITTER CIRCUIT,BASE INPUT, 
COLLECTOR-TO-EMITTER VOLTS=50 
EMITTER MILLIAMPERES=-!5 

POWER OUTPUT (MILLIWATTS)=10 
AMBIENT TEMPERATURE (°C)=25 


POWER GAIN—db 
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FREQUENCY —Mc 


TYPICAL POWER GAIN—RCA 2N1492 and 2N1493 


EAST: 744 Broad Street, Newark 2, N. J., HUmboldt 5-3900 « 
NORTHEAST: 162 Second Avenue, Needham Heights 94, Mass., 
Hillcrest 4-7200 + EAST CENTRAL: 714 New Center Bidg., 
Detroit 2, Mich., TRinity 5-5600 * CENTRAL: Suite 1154, Mer- 
chandise Mart Plaza, Chicago 54, IIl., WHitehall 4-2900 * WEST: 
6355 E. Washington Bivd., Los Angeles 22, Calif., RAymond 
3-8361 * SOUTHWEST: 7905 Empire Freeway, Dallas 7, Texas, 
Fleetwood 7-8167 * GOV'T: 224 N. Wilkinson St., Dayton 2, 
Ohio, BAldwin 6-2366; 1725 ‘'K'’ Street, N.W., Washington, 
D.C., FEderal 7-8500. 
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must include it. For practical reasons, 
wire size is a step function: only par- 
ticular sizes are available. Coil design 
therefore becomes a matter of judicious 
compromise, involving successive ap- 
proximations. Graphic methods are pre 
sented for facilitating d-c and a-c coil 
design to minimize repetitive computa- 
tions. Derivations and examples sup- 
port the design charts. (925) 


The Esaki “Tunnel” Diode, February 
1960, 12 pages. Theory of operation 
of the most recent addition to nega- 
tive-resistance semiconductors is ex- 
plained in terms of the wave-like prop- 
erties of electrons. The  diode’s 
small-signal behavior is described, its 
application as a low-noise amplifier ex- 
amined, and its noise figure of merit 
established. Other uses are as low-level 
oscillator and an_ ultra-fast bistable 


switching device. (905) 


Design Techniques for Static Inverters— 

Parts 1 and 2, January and February 

1960, 20 pages. Combined reprint of 

a two-part article giving the theory 

behind the circuits of a complete semi- 

conductor inverter (primarily for air- 

é craft use) and practical advice on the 

For “off-the-shelf” actual design of such instruments. The 
inverter is broken down into 5 sub- 
circuits — oscillator, control, drive. 
power and filter—and many examples 
of various types of each are given. 
Space, weight and efficiency problems 
are also considered (923) 


delivery service... 


Research Progress in Dielectrics—1959. 
January 1960, 11 pages. The 13th 
annual on-the-spot review of the Con- 
ference on Electrical Insulation of the 
National Academy of  Science-Na- 
tional Research Council. The review 
abstracts and interprets the papers and 
discussion in the light of their short- 
range and long-range effects on prob- 
lems in equipment and systems de- 
sign. Included are discussions on re- 
search activities in high-temperature 
materials, nuclear radiation effects, 
capacitor dielectrics, microwave prop- 
erties, and associated test techniques. 

(945) 


P.N-P-N Four-Layer Diodes in Switch- 
. ; ing Functions, January 1960, 7 pages. 
You can always figure on Theory of operation of two-terminal 


transistor-like devices which can be 
switched by changing the voltage 
across them or the current through 
them. Applications include pulse gen- 
erators and core drivers, ring counters 
and multivibrators. Mathematical ex- 
Wherever you are, whatever you want—Keystone has a complete pressions derived for operating para 
line of quality wiring installation equipment ready for immediate meters. (943) 
delivery! Coast-to-coast warehouses stock all sizes, shapes and types 
of U.L. listed wireways and auxiliary fittings, cabinets, boxes and : 7 see : 

. ; #4 : a Basic Design Consideration, Janu- 
enclosures —J.1.C. equipment, too. So, for prompt service all ways— ary 1960, 5 pages. The importance 
you'll find it always . . . pays to figure on Keystone. of stressing electric shock hazard fac- 

tors in the preliminary stage of equip- 
ment design is discussed. Applicable 
data from the literature have been 

KEYSTONE MANUFACTURING CoO. analyzed and suitable graphs and no- 
mographs derived for design purposes 
Major shock hazards such as large 
non-current-carrying metal parts and 


Prevention of Electric Shock Hazard as 


23334 Sherwood Avenue . Warren, Michigan 
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WAGNER Polyphase 
Resilient Mounted Motors 
in ratings through 10 horsepower 


Quiet, vibration-free performance is essential when phase Resilient Mounted Motors. Only Wagner can 
motors are installed in areas where noise must be held provide an entire range of ratings through 10 hp. 
toa minimum . . . in hospitals, churches, schools, office 
buildings, restaurants and similar locations where 
quiet is needed or wanted. 


Constant research and development have kept Wagner 
up front in electric motor design for more than 65 
years...made the name Wagner one you can de- 
Such installations have created a need for larger poly- pend on in choosing electric motor drives. 

phase motors that whisper while they work. a 

has met this need by expanding its line of polyphase 
resilient mounted motors to include standard ratings 
through 10 hp. 


Your nearby Wagner Sales Engineer can help you 
select the right motor to meet your requirements. 
There are Wagner branch offices in 32 principal cities. 


You certainly have applications that call for a smooth 


running motor, cushioned by resilient mountings. Wadsner Electric Corporation 


To make sure they're quiet, specify Wagner Poly- 6454 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 
WM60-14 


SLEEVE OR BALL BEARING 


These motors are furnished with quiet 
running steel-backed babbitt-lined 
sleeve bearings of high load carrying 
capacity. Ball bearings can be 
supplied when 

desired. 


CEILING, SIDEWALL OR 
HORIZONTAL MOUNTING 


You can mount these motors on walls or 
ceilings by rotating the cradle base 
90° or 180°. Motor stays dripproof. 


NEOPRENE 
CUSHIONING RING 


Annular mountings, of 
oil-resistant neoprene 
bonded to steel rings, 
cushion the motor in 
its cradle base to 
absorb the small 
amount of vibration 
that remains in the 
most carefully 
balanced motor. 
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SORENSEN power rides 
the weather satellite! 


The new weather satellite, TIROS, is one of the most remarkable 
space vehicles yet to take to the skies. For TIROS carries a complete 
TV transmitting system into space 

Built by RCA for the National Aeronautics and Space Administra 
tion, under technical direction of the U. S. Army Signal Corps, 
its mission is to televise cloud formations and transmit the pictures 
back to earth to aid weather forecasters. 

Among the advanced electronic equipment in TIROS is a 
Sorensen ‘dc-to-dc converter that transforms the output of the 
satellite's solar cells to voltages necessary for the satellite's com 
plex electronic gear. Of course, this converter is both miniaturized 
and transistorized (weighs only 20 oz.) and its reliability is vital to 
success of the project 


MORE THAN 130 MODELS 
Read about the more than 130 different models of dc-to-dc con 
verters offered by Sorensen in our new 32-page catalog... plus 
a complete line of highly regulated d-c supplies, a-c line-voltage 
regulators, high voltage: supplies to 600,000 volts, frequency 
changers plus valuable reference data. Write for your copy to 
Sorensen & Company, Richards Avenue. South Norwalk, Conn. 


CONTROLLED 


POWER 
PRODUCTS 


a eee 


A SUBSIDIARY OF RAYTHEON COMPANY 


THE WIQEST LINE MEANS THE WISEST CHOICE 
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exposed sharp parts are discussed, as 
well as other specific design problems. 
(946) 


Control System Representations, Decem- 


ber 1959, 3 pages. A chart showing 
seven basic control-system element 
classifications and their various com 
mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist dia- 
grams and time constants. This re- 
print is now being included in the 
combined reprint of the recent series 
on “Automatic Control System De- 
sign” by Ira Ritow (see p 216). For 
those who ordered the latter previ 
ously, this chart may now be obtained 
individually free of charge by circling 
the proper number on the Reader 
Service postcards at end of book. (944) 


Magnetic Amplifier Computing Control 


Circuits, December 1959, 9 pages 
Building-block approach to analog 
control circuitry using standardized 
plug-in precision magnetic amplifiers 
Covers amplifier design of one mann 
facturer, basic circuits, typical applica 
tions. and procedures for designing 
equation-solving circuitry to imple 
ment Laplace transforms. (906) 


Aluminum—Its Electromechanical Func- 


tion in Design, December 1959, 11 
pages. This Staff Report stresses the 
mechanical and_ structural uses of 
aluminum and its alloys (as distinct 
from electrical conductor applications) 
in a wide spectrum of electrical com- 
ponents and equipment. Applicable 
properties and their design significance 
are discussed und suitable graphs and 
tabular data are provided. Special 
considerations such as effects of cor- 
rosion, thermal conditions, and fabrica- 
tion are also discussed in detail. (904) 


Effects of Temperature on A-C Magnetic 


Properties of Nickel-Iron Allovs, De- 
cember 1959, 6 pages. A report on the 
second half of a two-part study to 
provide design data for developmental 
magnetic devices and to observe tem- 
perature-compensation parameters for 
existing applications. Results are re- 
ported in the form of curves for 60 
400, and 1000 eps describing varia- 
tion of core loss per unit of weight and 
rms exciting volt-amperes per unit of 
weight as temperature varies. Six al- 
loys are reported for the temperature 
range —60 to +250 C. (937) 


Rectifier Voltage Transients—Causes, De- 


tection, Reduction, December 1959, 
7 pages. A “how-to” article on deter- 
mining the sources of high voltage 
transients in semiconductor rectifier 
circuits, detecting their presence in 
actual equipment, and providing means 
for their effective reduction. (929) 


Accelerometers and Their Characteristics, 


November 1959, 9 pages. A survey of 
the various types of accelerometers 
available today and their character- 
istics when applied to high-perform- 
ance servos such as those found in 
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For each $1,000 you spend for fasteners, you're probably 
investing AN EXTRA $4,000* to install those same 
fasteners! Shakeproof has found the most effective way 
to reduce this major part of assembly cost... on-the- 
line engineering. 


WHAT IS SHAKEPROOF ON-THE-LINE ENGINEERING? 


In your plant, out on the line, a Shakeproof idea engineer 
carefully studies an assembly operation. By watching, 
asking and listening, he uncovers fastening problems or 
areas where product performance can be improved 

Cc UT through improved fastening techniques. He then applies 

his specialized knowledge of fasteners and assembly 

YoU Fr methods to simplify and improve both the product and 

assembly operation. He might recommend one of the 

broad line of Shakeproof fasteners to solve the problem 

FASTENIN G or to increase product efficiency. Or, if greater econo- 
mies and improved product performance can be 

Cc @ | ST eae achieved with a special-purpose fastener, he will design 

a Shakeproof product specifically for your application. 

In either case, the Shakeproof idea engineer will provide 


where it matters most! you with samples to use and test in your own plant. 
Arrange for a Shakeproof idea engineer to visit your 
plant soon. Discover how Shakeproof On-the-Line 
Engineering can help cut your fastening 
cost... where it matters most! 


SEND FOR THIS FREE BOOKLET "On-the-Line 
Engineering" gives specitic examples of time and 
money saving Shakeproof fastener applications and 
offers free samples. 


*Studies have shown that the cost 
of applying a fastener is more 
than four times the cost of the 
fastener itself. 


SHAKEPROOF 


‘FASTENING HEADQUARTERS''® 
Look to Shakeproof—the Leader in Fastening. DIVISION OF ILLINOIS TOOL WORKS 


St. Charles Road, Elgin, lilinois 
In Canada: Shakeproot/Fastex 
Division of Canada lilinois Tools Limited, 67 Scarsdale Road, Don Mills, Ontatig 
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inertial guidance. Includes an _ intro- 
duction to the theory of inertial guid- 
ance and a list of accelerometer manu- 
facturers and the types of units they 


make. (912) 


Inherent Motor Overheat Protection 
Moves inside the Field Coils, Novem- 
ber 1959, 8 pages. Two solutions to 
the problem of putting temperature 
sensors in the stator windings of in- 
duction motors are described, both 
involving thermistors. The Westing- 
house solution uses thermistors in a 
newly discovered positive-temperature- 
coefficient resistor mode. Cutler- 
Hammer’s approach makes use of the 
well known negative temperature co- 
efficient of thermistors applied in a 
transistor circuit. (939) 


= Motor-Blower Selection Factors. Novem- 
Time -tested 1 ber 1959, 6 pages. Performance char- 

acteristics and factors such as relative 
space and cost of the two principal 
forms of blower impeller are discussed. 
Che economics and engineering aspects 
of direct motor drive are compared 
with belt drive for blower as a guide 
for selection. (917) 


Core Factors in Magnetic Switch Per- 
formance, October 1959, 4 pages. In 
“rectangular’-loop core materials for 
static switch applications, permeability 
variation is a major and uncontrollable 
factor. Core test and switch design 
methods for determining and compen- 
sating for magnetic variations are 
presented (932) 


Effects of Temperature on Magnetic Core 
Materials, October 1959, 8 pages. Pri- 
mary design data for most commer- 
cially significant magnetic alloy types 
used for transformers, magnetic am- 
plifiers, relays, servomotors, etc. in 
military applications. Measurements 

— the time-tested standard of the resistor industry include d-c magnetization curves, ini- 

tial and maximum permeabilities, plus 

a-c and d-c values of “squareness” 


a! ratio, remanence, saturation magneti- 
zation and coercivity for L-Silectron, 
Transformer-A, 11.7 and 15.5 Alfenol, 


3 Mo Thermenol, Supermendur, 7-70 
-erminvs 750, 4-75 
RESISTANCE ALLOY Permivar, Oil, AEM #750, 47 


— for resistors and precision instruments 








The Four-Bar Linkage as a Function 





f Wherever exceptional stability over a wide tem- Generator, October 1959, 9 pages. 
5 : en ‘Ws BEI Ta) perature range is essential, EVANOHM is the Advantages of the four-bar linkage as 
at. ' accepted standard of performance. This high- a computing and control element are 
8 i} reliability Fae nasi alloy provides high specific outlined, with examples of both graphic 
ig 0 j resistance, ow temperature coefficient, low ther- and analytical methods of linkage de- 
j mal EMF to copper. EVANOHM is especially : oil cdealiants 942 
_}+— oe ee Ne hore ee —- sign and evaluation. (942) 
| "| 1 recommended for use in resistors, aircraft in- 
\* ee struments, for guided missiles, rockets and 
| 4 oy ) co . ; me > S > ; i ; acicto . 
| “70-30-30 101030 5070-90 110 1% other precision equipment. Available in bare Determination of Electrical senanne of 
i ae wire, enamel, formvar, polyurethane, silk, Metal Parts, September 1959, 6 pages. 
| of Evanohm. Norma! production material (002 cotton, nylon and glass insulation. Write for A tabular compilation of electrical re- 
and fi of thy ye 1 ’ . cr : Ae a : ° 
[i (68 25°C md 25 12S C relened 12h) complete electrical and mechanical data and sistivity characteristics in metallic ma- 
recommendations on your specific application. terials most likely to be used in design. 


Methods for calculating total resistiv- 
ity are given. Also presented is a 
nomogram for calculating total re- 


WILBUR Bb. DRIVER co. ED sistance of circular cross-sections of 
Main Office: NEWARK, N. J.—Tel. HUmboldt 2-5550 nee. — 
Engineered Cooling Cuts Equipment 


Branch Offices and Warehouses in Principal Cities. Manufacturing Plants: 1875 McCarter H’way, 

Newark 4, N. J.; 2734 Industrial Way, Santa Maria, Calif. Canadian Wilbur B. Driver Co., Ltd., Bulk, September 1959, 10 pages. The 
Rexdale (Toronto). Subsidiary: Western Gold and Platinum Co., 525 Harbor Bivd., Belmont. Calif. essential theory and key design con- 
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our business is 
communications 


and control 
systems... 





For over 75 years North Electric has been designing, engineering 
and manufacturing “systems” designed on the dual functions of 
communications and control. 


Today, North Systems speed man’s thoughts and words over vast 
distances, between continents and over oceans in seconds. 


Today, North Systems control the flow of light, heat, power and 
water for homes and industry, petroleum products for the wheels 
of America and chemicals for industry. 


Today, North Systems are at work on land, sea and in the air as 
integral cogs in our vast transportation network. 


Today, North Systems make possible high speed data processing 
complexes functioning through highly efficient switching centrals. 


Today, North Systems automate production tools and production 
lines, handle packaging and pricing chores, perform scientific test- 
ing, measuring, weighing and analysis, and hosts of similar functions. 


Today, North Systems help BMEWS guard our frontiers, add to our 
missile capability in projects THOR and JUPITER and help keep 
our nation safe and strong in many other defense programs. 


At North Electric, the engineering team represents a cadre of pro- 
fessional competence with the solid background that comes from 
long experience in the application of system concepts. 


To learn what North can do for you, systemwise, today and tomor- 
row, write for your copy of “North System Concepts” booklet—now. 


ELECTRONETICS DIVISION 


NORTH ELECTRIC COMPANY 


656 S. Market St. Galion, Ohio 
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cepts of heat-flow engineering were 
established in the Basic Science article 
“Heat Flow Theory” (ELECTRICAL 
MANUFACTURING, April 1959—see also 
Basic Science Reprints page in this is- 
sue). The present article, by the same 
author, projects these principles into 
specific analytical design procedures 
for heat exchangers for cooling and 
adding heat as desired in equipment 
assemblies and enclosures. (913) 


Joint Factors in Stacked Magnetic-Core 
Design, September 1959, 8 pages. For 
transformer and other magnetic lamin- 
ated-core designers and for producers 
of electrical steel it is important that 
a separation be made between the 
properties of magnetic materials and 
the effects due to joints and other 
mechanical factors. Analytical meth- 
ods for segregating material from 

Why it will pay you to send your CERAMIC PARTS other effects in stacked cores are 


requirements to WISCONSIN PORCELAIN CO. sees _ 
Fluorochemical-Vapor Cooling  Tech- 





FIRST: You will get the benefit of FOURTH: You will join a distin- | niques in Electronic Equipment. Av- 
39 years of experience in efficient and guished list of companies who have | gust 1959, 5 pages. A: '‘y of uoro- 
economical production of ceramic parts come to depend on us for just this kind chemical vapors used as —ielectric and 
to meet your exact needs. of service and quality. | heat-transfer material. Properties of 

SECOND: A wide variety of por- Send us your requirements today. these materials are discussed. Different 
celain, refractory, steatite and filter A sample or blueprint will do. You'll types of cooling systems and special 
bodies is available to you. Our uniform, get a prompt reply. design parameters for use of fluoro- 


chemical vapors in electronic equip- 


tough, accurate components pay off on- 
ment are investigated and presented. 


samen Serving the Electrical and Electronic 
the-line in faster assembly, increased 


Industries since 1919 


production efficiency. aane —_ in the “ee —- 

| tables and mathematical formulae are 

THIRD: We ‘keep’ delivery prom- WISCONSIN PORCELAIN CO. alii. (918) 
ises, having operated for over 39 years, 115 MARKET ST., SUN PRAIRIE, WIS. 

24 hours a day without a shut-down. (Located in the Chicago Industrial Area) | Air Filters for Electronic Equipment, 
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| and application of mechanical air filters 
| for use in the cooling systems of 
electronic equipment, particularly as 
applied to military equipment. Various 
types (viscous impingement, electro- 
static and dry) are described and their 
characteristics are enumerated. (911) 


Pressure-Sensitive Electrical Tapes as 
Designed-In Components, June 1959, 
5 pages. A review of major types of 
pressure-sensitive electrical tapes, with 
emphasis on new tape materials and 
their effect on application problems. 
Areas of application are summarized 
and test methods listed. (903) 


Clad and Laminated Metals—Their De- 


sign Potentials, June 1959, 7 pages. 
| Presented are examples of areas of 


X | application of combined metals. Com- 
YOU CHOOSE THE ONLY COMPLETE LINE |  binations by cladding and laminating 
THAT COVERS THE COMPLETE RANGE give, for certain applications, a su- 





perior product which yields the best 
FRom #8AWG To 1,000MCM ail properties of each constituent metal. 
AND THE LOWEST INSTALLED COST! 


Treated in this article are the precious 
and rare metals, aluminum, steel, cop- 
per and molybdenum combinations. 
Illustrated by typical case histories 
supported by graphs, charts and illus- 
trations. (907) 


*C-TAPS-—the newest addition to the COLOR-KEYED Line. 
Designed for Code Copper Conductors. 


Plu THE NEW TBMS HAND TOOL 


The only hand tool that will terminate, splice, tap 
and pigtail wire sizes from #8AWG to SOOMCM. 






How to Specify Insulating Varnishes 
for Equipment Reliability, May 1959, 

6 pages. Major insulating varnish 
types are identified, their properties 
and application areas evaluated, and 
compatibility with other elements of 
electrical systems analyzed. Emphasis 

| is given to insulating varnishes as key 


Patented 
WRITE FOR COMPLETE LITERATURE 


SOLD COAST TO COAST EXCLUSIVELY BY YOUR LOCAL T&B DISTRIBUTOR 


THE THOMAS & BETTS CO. 


ENGINEERED INCORPORATED 





ELIZABETH. N. J. — IN CANADA. THOMAS & BETTS. LTD. MONTREAL 
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INPUT DRUM 
ASSEMBLY 


FIELD COIL 


OUTPUT FIELD 
ASSEMBLY 





Get Stepless Adjustable Speed from AC Power 


with |]VNAMAT| [ Fractional HP Ajusto-Spede’ Drives 


Wherever infinite adjustment and accurate control of speeds are 
required, Eaton-Dynamatic Ajusto-Spede Drives offer a simple, low- 
cost solution to the problem—stepless adjustment from zero to full out- 
put speed, and accurate control of any speed within the speed range. 


The Dynamatic Ajusto-Spede Drive is an integral combination of 


AC constant speed induction motor, eddy-current coupling, and 
plug-in type single-tube electronic control. Torque developed in the 
motor is transmitted to the driven member by electro-magnetic attrac- 
tion; there is no mechanical contact between the driving and driven 
members. 


Dynamatic Ajusto-Spede Drives operate on standard 115/230 volt, 
single phase, 60 cycle or 220/440 volt, 3 phase, 60 cycle alternating 
current—no special power source is required, Sizes are ,, 2, and 74 
horsepower at 1600 RPM; 1/2, /, and 1 horsepower at 3200 RPM, 


With standard, special, or remotely mounted transistorized control, Dynamatic 
Ajusto-Spede Drives offer many worthwhile advantages not found in other 
methods of speed control. Send for illustrated descriptive literature. 











DYNAMATIC AJUSTO-SPEDE DRIVE WITH ELECTRI- 
CALLY OPERATED BRAKE. With the safety type friction 
brake, it is possible to achieve rapid deceleration and 
quick stop, thus providing fast cycling operation. 


DYNAMATIC AJUSTO-SPEDE DRIVE WITH INTEGRAL 
SPEED REDUCER. Because of the variety of gear ratios 
available in the reducer, this compact assembly is 
adaptable to a wide range of slow speed applications. 





DYNAMATIC DIVISION 
MANUFACTURING 


COMPANY 


3122 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 


ORIGINATORS OF EDDY-CURRENT SPEED CONTROL EQUIPMENT 
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components in designing insulation 
systems for optimum equipment life 
and. reliability. (930) 


Progress in Micro-Module Development, 
March 1959, 8 pages. An ELectnicat 
MANUFACTURING Staff Report describ- 
ing significant accomplishments ir the 

latch-in, electrical re-set units are Signal Corps Micro-Module Program 

available in practically any needed Details of micro-element development 
contac? or mounting arrangement in are given and preliminary modules and 
power or midget types for either modular assemblies are illustrated. 

AC or DC operation. Write for (936) 

Data Bulletins 4050 and 4051. 


These famous Dunco mechanical 


Electronic Standards for —Industri:! 
Equipment, August 1958, 8 pages. In 
ternal standards for the electronic por 
tions of machine control systems 
prepared by the Plant Engineering 
Electronics Committee of General Mo- 
tors Corp., are offered for general in- 
dustry use in conjunction with the 
JIC Standards for Industrial Equip- 


SEQUENCE RELAYS 2 i ment (see Reprint 924). (922) 


Multipole — repeating — JIC Electrical Standards for Industrial 
reversing and electrical . Equipment, June 1957, 24 pages. Re- 
reset types provide a wide vised specifications for the application 
range of contact enquences of electrical apparatus to welders and 

) other industrial equipment, as adopt- 
ed by the Joint Industry Conference 
held in Detroit, March 1957. Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5—$3.75; 10—$6.00; 25—$12.50; 
50—$20.00; 100—$30.00. Send check 
with order payable to ELectricat 
MANUFACTURING, 205 East 42 Street 


New York 17 (924) 


for positive automatic con- 
trol applications. Write for 
Dunco Data Bulletins 5100 
and 5200 for full details. 


* a gee 
See also Basic Science reprints on 
page 208 


WAS BUILT INTO THESE QQWMCO RELAYS «| Poscard return forms are provided 
YEARS AGO —— at end of book as a convenience 


to the reader in obtaining 


and fully proved in thousands of applications 
New Components and Materials 


. ‘ Additional data from the sup- 
Bypassing newer relay types for the moment, it frequently pays 


to look to the older units where unquestioned dependability is a plier of any item reviewed. 

matter of prime concern. Built for real durability, proved in years 

of the toughest kind of field service, these famous Dunco standard Literature for the Design 
types offer sound basic design that has stood the test of Engineer 

the years. And, in addition, there is plenty of proof that A copy of any manufacturer’: 

they do all that the finest, most reliable relays of these publication reviewed 


\ types are supposed to do, 
Feature Article Reprints 


Single copies of s¢ lected feature 


STRUTHERSDUNN = 


Advertised Products 
Makers of the world’s largest assortment of relay types More information on any prod- 





STRUTHERS-DUNN, Inc., Pitman, N. J. uct or service described. 


Sales Engineering Offices in: Atianta « Boston + Buffalo + Chicago + Cincinnati + Cleveland + Dalla 
City « Los Angeles + Montreal « New Orleans « New York « Pittsburgh « St. Louis « § 
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EXPAND 
BEN-HAR “II5I” 


and get as many as 4 
fferent sleeving sizes 
ow with one size of Ben-Har “1151” extruded silicone rubber 


fiberglass sleeving you can cover as many as four different size 
applications. Ben-Har “1151” is so tough that it permits expansion 
of up to 400¢7 increase in a.w.g. size without typical end fray, 
coating fracture, etc. Easy assembly and snug fit over irregular 
knobs, terminals, and connectors are assured. Inventories can be 
greatly reduced because one size Ben-Har ‘1151"’ will do the job 
of several old style “dip coated” sleeving sizes. 


Here's another plus for Ben-Har “1151” it’s fingernail damage 
proof. Even the roughest handling in assembly can't cause nicks 
and breaks that increase production costs, lower production output. 


Exclusive Extrusion Coating (pat. pend.) with the new super- 
tough durasyl silicone rubber makes Ben-Har “1151” superior to 
other Class “H” sleevings in physical, mechanical and electrical 
properties. Every inch is inspected electronically, guaranteeing 
reliability never before possible. 


Test this superior sleeving in any way that you wish, 


Write for data sheet and samples in the size you customarily use. 


BENTLEY-HARRIS MANUFACTURING CO. 
600 BARCLAY STREET CONSHOHOCKEN 2, PA. 


Telephone: TAylor 8-7600 


EXTRUSION MAKES THE DIFFERENCE 
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BASIC SCIENCE Reprints 


aR SEAS RR ER ASR ABT AE RSE ARENDS AS ERNE NTE TAREE IC 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or related 
subjects are available at the nominal 
prices indicated in each listing. For 
ordering convenience, use the handy 
Order Form below. Orders must be 
accompanied by remittance (either in 


delivery. Make checks payable to 
ELECTRICAL MANUFACTURING. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 


cash or check). Please add 3% City ply. Prices for larger quantities 


Sales Tax on orders for New York City available on request. 


oO R D » R iz O R KA | Please enclose remittance 


(cash or check) with your order. 


No. of 

copies 
Electrical Analogs for Mechanical Systems 
Transformer Materials for Extreme Environments 


Ring Binder for Science & Engineering Reprints 


| 


Introduction to Molecular Engineering 
Logic—and Switching Circuits 
Infrared—Fundamentals and Techniques 
Thermoelectric Effects 

Network Analysis 

Determinants and Matrices 

Sampled-Data Systems eeu 

Automatic Control System Desig 

Low-Noise, Solid-State Microwave Amplifiers 
Digital Methods in Measurement and Control 
Fundamental Properties of Plastics 

The Electric Field 

Fundamental Nature of Shock and Vibration 
Key to Metals in Design Engineering 

Heat Flow Theory 

Fundamentals of Ferromagnetism 

Using Fourier Analysis in Design .. . 
Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 

Slide Rule Mathematics 

Casting Resins and Application Techniques 


—_ 


4 
i] 


Total Copies 


TO: ELECTRICAL MANUFACTURING, 205 East 42 St., New York 


NAME ... TITLE 


are 


to 
I 


Reprint Title 


Electrical Analogs 
Transformer Materials 
Molecular Engineering 
Logic 

Infrared 

Thermoelectric Effects 
Network Analysis 
Determinants and Matrices 
Sampled-Data Systems 
Microwave Amplifiers 
Digital Methods 
Properties of Plastics 
The Electric Field 
Shock and Vibration 
Key to Metals 

Heat Flow Theory 
Ferromagnetism 
Fourier Analysis 
Automatic Control Systems 
Boolean Algebra 

Slide Rule Mathematics 
Casting Resins 


WA Go UCC 
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Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. Dynamic 
states of mechanical systems are read- 
ily visualized and evaluated by traus- 
lation of the system parameters into 
electrical network equivalents and the 
use of network analysis methods. The 
reasoning behind the analog approach, 
and the various analog forms which 
may be used, are explained and illus- 
trated. Included are thorough discus- 
sions of the principle of duality of 
analog, the reasons for choosing a cir- 
cuit or its dual for a particular an- 
alysis, and the use of distributed-para- 
meter networks (long lines) to simu 
late certain mechanical elements. $1.00 


Transformer Materials for Extreme En- 
vironments, March, April, May and 
June 1960, 28 pages. A series of four 
articles interpreting research and de- 
velopment on small transformers de- 
signed to operate under extreme en- 
vironments of 500 C temperature and 
nuclear radiation. This series on the 
work carried out under Air Force and 
Bureau of Ships contracts presents the 
development and results of research 
on: electrical insulation materials, mag- 
net wire (both wire and _ insulation), 
magnetic core materials, and_trans- 
former structural materials used in the 
design of these components. $1.00 


Ring Binder for Science & Engineering 
Reprints. Readers who want to keep 
their reprint copies of the monthly 
Science and Engineering feature both 
safe and handy will want this maroon- 
colored binder made of flexible, Mo- 
rocco-grained leatherette stamped in 
gold. The standard 1%-in. rings will 
accommodate about twenty S & E re- 
prints. $2.50 


Introduction to Molecular Engineering, 
May 1960, 20 pages. An examination 
of the concept, principles and tech- 
niques of molecular engineering in 


(Continued on page 211) 
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OUTSIDE LIVING 


The Lunar Space Station project at Martin is one of 
astonishing magnitude, for it coordinates practically all 
areas of scientific thought into one common objective: 
sustaining life in outer space. |\f you have the scientific or 
engineering talent required to aid in the fulfillment of 
this objective, we urge you to write immediately to N. M. 
Pagan, Dir. of Tech. & Scientific Staffing, The Martin 
Company, (Dept. 7B), P.O. Box 179, Denver 1, Colo 
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HMITE 


2. Typical Relay Enclosures 


Are MOLDEL 


Permanence and ease of adjustment of the individual contact springs 
are the result of a revolutionary, new innovation found in two new 
Ohmite Relays — Models TT and TS. This innovation is the unique 
Molded Module”* contact spring construction. The “module” is 
i Standard, single-pole, double-throw spring combination molded 
nto a single Compact assembly. As many as six modules can be 
incorporated into a relay *(Pat. Applied For) 


QUALITY CONSTRUCTION—AIl Ohmite relays embody the same 
meticulous engineering, strict quality control, and generous use of 
high quality materials which have made Ohmite components the 
standard of the industry. Parts are plated where necessary for 
corrosion resistance. Springs are of nickel-silver or phosphor- 
bronze. Contacts are fine silver. Special contact materials, such as 
silver, tungsten, palladium, or gold alloy, can be supplied. Protec- 
tion against humidity and moisture is paramount and is accom- 
plished in layer-wound coils, through complete sealing with cellu- 
lose-acetate. Relays are available in a wide range of coil operating 
voltages and contact combinations in both AC and DC types. 


65 TYPES IN FOUR STOCK MODE!‘ For fast service, four 


OHMITE 


Write on company letterhead 
for Catalog and Engineering 
Manual 58. 
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OHMITE MANUFACTURING COMPANY enuf osTATs 
3613 Howard Street, R.F. CHOKES 
Skokie, Illinois 


Relays for 
Reliability 


3. Relays with Special Construction 


models in the Ohmite relay line are carried in stock in 65 types at 
the factory, and by Ohmite Distributors from coast to coast. 


HERMETICALLY SEALED AND [ T-TIGHT RELAYS 


f 1D [ You can 
specify many of the basic Ohmite relays in nonremovable, her- 
metically sealed enclosures for applications requiring complete 
relay protection. These high-quality relays are sealed in seamless 
steel enclosures which are exhausted and filled with dry, inert gas 
under control of Ohmite engineers. Ohmite hermetically sealed 
relays are available with either plug-in or solder terminals. Relays 
are also made with nonremovable dust-tight covers and removable 
dust covers 


RELAYS WITH SPECIAL INSTRUCTION Ohmite relays are 


available with special terminals or special construction, such as 
relays with push-on or screw terminals, relays with binding-post 
terminals. Where quantities warrant, Ohmite will manufacture 
relays made to your specifications. Ohmite can furnish not only 
special terminals, special contact combinations, contact materials, 
and coils but also special enclosures, connectors, impregnation, or 
frames. Ohmite relays can be engineered to meet your special 
pull-in, drop-out, or time-delay requirements. 

For your special or unusual relay applications, let Ohmite’s ex- 
perienced engineers help you work out the best solution 


RELAYS TAP SWITCHE 
TANTALUM CAPACITORS 

VARIABLE TRANSFORMERS 
DIODES 


RESISTORS 
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terms of its ultimate use in the design 
of equipment and systems. Part I de- 
fines molecular engineering as the ap- 
plication of molecular behavior to the 
design of materials and devices of 
prescribed characteristics. The defini- 
tions are supported by brief examples. 
The various approaches to molecular 
engineering are examined. Consid- 
erations such as purity and form of 
materials are discussed. Part II ex- 
amines the elements of the classical 
macroscopic approach to the behavior 
of materials as well as the micro- 
scopic or molecular approach. Part 
III provides extended examples of 
molecular engineering in the areas of 
electrical insulation, microwave am- 
plifiers, thin-film devices and micro- 
miniature electronics function blocks. 
Tables, charts, literature references, 
and glossary. $1.00 


Logic — and Switching Circuits, April 
1960, 386 pages. The fundamental 
principles of logical reasoning, con- 
tained in Aristotle’s syllogism, dev- 
eloped into the Boolean algebra and 
the logistics of the Principia Mathe- 
matica, and applied in circuit design 
and computer programming, are devel- 
oped. The basic postulates are tabu- 
lated in their verbal, algebraic, 
diagrammatic, and_ circuit-schematic 
form. Modern logic is presented as a 
powerful tool for the engineer who 
must find the optimum out of many 
possible solutions to a problem for 
which there is no unique, neatly 
labelled true-or-false answer. The 
article deals with methods applied 
to solve the problems of circuit syn- 
thesis, the principles of circuit design, 
and the fundamental ideas which can 
be applied to the design of the most 
complex circuitry. The principles 
underlying the design and use of 
computing machines are given. $1.00 


Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. A 
comprehensive introduction to the the- 
ory of one of the most rapidly growing 
fields in engineering. Basic principles 
of radiation and detection (including 
Wien’s Law, Rayleigh-Jeans Law) are 
derived and explained. Effect of infra- 
red on metals, ionic crystals, and semi- 
conductors is described with regard to 
the use of these materials in infrared 
systems and devices. Various types of 
sources, windows, prisms, detectors, 
and spectrographs are discussed quali- 
tatively. Also includes theory of use of 
infrared in practical applications such 
as thermal mapping, missile tracking, 
chemical analysis, etc. $1.00 


Thermoelectric Effects, February 1960, 


16 pages plus cover. Basic theories as 
developed by Seebeck, Peltier and 
Thompson (Kelvin) are brought up to 
date in the light of new semiconductor 
thermopile compounds. Thermoelec- 
tricity is discussed from free-electron 
and thermodynamic points of view. 
Four basic applications of thermoelec- 
tric phenomena are considered: power 
generation, heating, cooling, and tem- 
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Through research gy a better way 


O.Smith 


ELECTRIC MOTORS 


Tipp City, Ohio 


A.0. SMITH INTERNATIONAL, S.A. 
Milwaukee 1, Wisconsin, U.S.A, 
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4” has the horses ! 


“2 


800 to 1 hp favorites 
for quiet operation, 

= low maintenance and 
if long-life service... 


From the case of the 

A. O. Smith Motor Man ~—a 
complete stable of integrals 

that include single-phase 

models (1-5 hp) or polyphase 
(1-800 hp). Also a team of 
fractional-hp motors. All are sure 
bets to give top performance 

over the long, long haul. 

And there’s an A. O. Smith Motor 
Man near you — chomping at 

the bit to give you 24-hour action 
on all parts and service orders. 





- NYLON BOBBINS 
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can be eliminated by incorpo- 
rating economical terminal 
CPt PM MC Me rome lola 
Winding rejects resulting from 
insecure flanges are elim- 
inated 


@® Cosmo Nylon Bobbins are 


laa a RA Lal Mea talib 
molded to your particular 
specifications. Dimensional 
stability, high precision, close 
tolerance and reliable uni- 
TA Arta te 


@ Our engineering service is 


available on request. Send 
your specs to Cosmo for 
prompt action 


A. Flange Size 
Maximum Fru ly 
B. Core Size 

Maximum 

Minimum 
Cc. Core Length 
Maximum 1-1/2” 
Minimum 1/4" 


D. Wall Thickness 


Maximum -093” 
Minimum .025” 


2” 


SALES DIVISION OFFICES 


Arizona, California 


Colorado, Connecticut, Illinois, Massachusetts, Michigan, 


Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington & Canada 


CLEVELAND 9 
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Need rela vsl 


qT . 
we // come running— 


@ Producing relays fast and at low cost is a Comar specialty. 
Our complete engineering and manufacturing facilities are geared 
to save you time and money. Whatever type relay you need, simple or 
complex, industrial or military, Comar can serve you best. Write: 


Comar Electric Company, 3349 Addison Street, Chicago 18, Illinois. 


omar _ 
lectric 


RELAYS * SOLENOIDS * COILS * SWITCHES * HERMETIC SEALING 


— 
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perature sensing. Author Robert P. 
Benedict, of Westinghouse Electric 
Corp., is an authority on thermo- 
couples. $1.06 


Network Analysis, January 1960, 28 


pages plus cover. With preliminary 
concentrated treatment of elementary 
concepts of circuit analysis, the author 
presents a discussion of present-day 
practices in network engineering and 
their theoretical background. Network 
theory as a coherent and unified study 
is stressed, as contrasted with the 
less powerful and less useful traditional 
approach to circuits which involved 
isolated and unrelated “methods” of 
analysis. $1.00 


Determinants and Matrices, December 


1959, 20 pages plus cover. The elec- 
trical network is used as the primary 
example of the engineering problem 
in which analysis leads to mathematical 
systems of equations that readily be- 
come so numerous and involved as to 
require an objectionable amount of 
time for manipulation. The principles 
treated in this article apply to all prob- 
lems involving numerous mathematical 
statements. Included are specific rules 
for the use of determinants for solving 
systems of simultaneous equations, in- 
cluding refinements of the basic pro- 
cedures to apply to higher-order sys- 
tems, and the underlying principles of 
matrix algebra with examples to dem- 
onstrate the time- and _ error-saving 
advantages of these two forms of 
mathematical shorthand. $1.00 


Sampled-Data Systems, November 1959 


20 pages plus cover. An introduction 
to the analysis of closed-loop control 
systems in which the input or error 
signal is periodically sampled (rather 
than continuously connected) as by 
a sampling switch, analog-digital con- 
verter, digital computer, etc. Presents 
impulse-response, frequency-response, 
p-transform and z-transform methods. 
Show how to plot Nyquist, Bode and 
root locus diagrams with z transforms. 
Written by Carl O. Carlson of the Na- 
tional Cash Register Co., whose con- 
tributions to the art include: the use 
of the normalized sT plane for ana- 
lyzing sampling adequacy, “pseudo- 
sampling” for determining between- 
sample response and the use of the 
z transform for table-generating func- 
tion. The last is presented for the first 
time in this article. $1.00 


Low-Noise, Solid-State Microwave Am- 


plifiers, October 1959, 16 pages plus 
cover. An engineer-oriented examina- 
tion of the basic quantum mechanical 
principles underlying the operation of 
paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid 
state, three-level solid state and opti- 
cally pumped devices) and parametric 
MAVAR amplifiers (both semiconduc- 
tor and ferromagnetic types) plus a 
brief introduction to the tunnel-diode 
amplifier. Written by R. D. Haun, Jr., 
and T. A. Osial of the Westinghouse 
Research Labs. $1.00 


(Continued on page 214) 
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Hectronic Poducts MEWS 


by CARBORUNDUM® 


Temperature Compensation in Electric Eye 
Movie Camera provided by GLOBAR® Thermistor 


Energy from a built-in photo- 
electric cell automatically sets the 
lens opening for correct exposure in 
the Bell & Howell “Electric Eye” 
movie camera. The high standard of 


accuracy usual in Bell & Howell prod- 
ucts is indicated by the use of a 
GLOBAR Type 479H Thermistor for 
temperature compensation. 

The output current of the photo- 
cell varies with temperature. In 
addition, the resistance of the coil 
in the operating mechanism varies 
with temperature because of copper’s 
positive temperature coefficient. A 
negative coefficient thermistor, in 
parallel with a fixed resistor, pro- 
vides the necessary compensation. 

GLOBAR thermistors are your an- 
swer to a variety of problems where 
a temperature-sensitive resistor is 
required. Dise and rod shaped bod- 
ies are available in a wide range of 
sizes, providing desired resistance 
values, thermal time and dissipation 
constants and temperature coeffi- 
cients. For information, write to 
Globar Plant, Refractories Division, 
Dept. EMT-60, Carborundum Co., 
Niagara Falls, N. Y. 
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ALUMINA BUBBLES... new transformer potting 
material can withstand temperatures over 1000° C. 


Trends to higher temperatures 
and upgrading of insulation systems 
have spurred the search for new 
potting materials for metal-encased 
electronic power transformers. 

ay 


Research by Bell Telephone Labo- 
ratories suggests unusual possibili- 
ties in a special form of aluminum 
oxide developed by Carborundum’s 
Refractories Division. The material 
is made by a process which converts 
alumina powder into microscopic, 
light-weight, free-flowing, non-abra- 
sive bubbles. Ordinary granular alu- 
mina won’t serve the purpose. 

Since the material can withstand 
over 1000° C., all practical tempera- 
ture limitations are removed. Elec- 
trical insulating properties are 
excellent. A particular advantage is 
the simplicity of the potting opera- 
tion. The powder is simply poured 
into the transformer case and tapped 
or vibrated 3o that it fills all cavities. 
No curing or heating facilities are 
necessary. Because of these factors, 
the material may merit considera- 
tion even in applications where high 
temperature is not involved. For 
more information, write Refracto- 
ries Division, Dept EMP-60, Carbo- 
rundum Co., Perth Ambov, N. J. 
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Metallized Ceramics 
permit high-temperature 
soldering or brazing 


Carborundum’s Latrobe Plant can 
supply metallized steatite which can 
be used with any soft solder includ- 
ing those melting at approximately 
600° F. Re-soldering can be done 
without adverse effects. This offers 
advantages over the usual silver or 
platinum firing of steatite material, 
which requires a silver bearing tin- 
lead eutectic solder melting at about 
360° F. These joints cannot be re- 
soldered without dissolving the 
metallizing. Further, top use tem- 
perature is only 320° F. With the 
Carborundum metallizing, use tem- 
perature is determined only by the 
solder alloy used. 

This type of metallizing is also 
used with high-alumina material for 
brazing. When assemblies are cop- 
per brazed, installations can be made 
with comparable hard solders. 

For information, write Latrobe 
Plant, Refractories Div., Dept. EMC- 
60, Carborundum Co., Latrobe, Pa. 
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NEW BOOKLET AVAILABLE ON 
GLOBAR® TYPE BNR -VARISTORS 


2 , Non-linear, volt- 


? @ age sensitive re- 
vamisTows sistors are finding 
many electronic 
applications. This 
booklet gives full 
information on 
characteristics 
and sizes of GLO. 
BAR Varistors. 
For your copy, 
write Globar Plant, Refractories Divi- 
sion, Dept. EMV-60, Carborundum Co., 
Niagara Falls, N. Y. 
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| Digital Methods in Measurement and 
: Control, September 1959, 20 pages <n | 
py plus cover. This review of digital tech- — ihe | 
niques covers: (1) characteristics and hh ie 
advantages of the digital, or numerical pe || FRom } 
approach; (2) basic principles of | , 1? BUA 


coding, sampling and quantizing; (3) 
digital components and techniques for 


logic and information storage, includ- | Hay {i vt FORCE | 
NEW DOERR \e aN 3 ing flip-flops, AND, OR, NOT, NOR Cir- | ; 


cuits, comparators, memory devices , et | 
and relative characteristics of cores ee COMPANY’ 
tubes, transistors and relays; (4) digital | Vigil | 

Wil eng measurement devices, including pulse | iy 1 
generators, counters, voltage converters, TELE Tae : 


proximity pickups and position trans 


} 
ducers; (5) digital control actuators. | 
0 Written by Michael H. Nothman, Gil- | 
fillan Bros., Inc., Los Angeles. $1.00 
AND MOTOR ‘IDEA BOOK’ | The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The 
fundamental science of polymeric ma- ENGINEERING 
terials is related to design engineering | 
properties of plastics. Discussion covers: SERVICE 
the molecular formation of polymers; 
the chemistry of addition polymers; the Is Part of Our Package, too 
chemistry of condensation polymers; 
the theoretical basis for mechanical, Where air has a function in the equip- 
electrical and chemical properties of 
polymers. Bibliography and _ glossary | 
provided. Written by Thomas D. Cal- | engineering service can often solve spe- 
linan, Research Center, International cial problems such as space shortage 
Business Machines Corporation, and . 
Alex. E. Javitz, Special Features Editor, 
ELecTricAL MANUFACTURING. $1.00 | abrasion — explosion-proofing and 


ment you design and manufacture, our 


— weight — temperatures — corrosion 


pressure requirements. 


The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 Your answer may be a matter of selec- 


pages plus cover. Contents include dis- 

cussions of the following: Electro- 

statics; Electric Fields in Free Space; Fans— Industrial Exhausters, Volume 

Electric Induction; Capacitance; Me- Fans, “E” Blowers. Axial Flows. Pro- 

ARE YOU an original equip- chanical Considerations; Field Effects 

ment manufacturer? If so, you'll in Devices. Written by Paul G. Jacobs, ere 

get lots of practical, job-solv- F Associate Editor, ELecrricaL MANu- ventilating fan designs. Or a special 

ing suggestions from this §& FACTURING. $1.00 fan material, such as aluminum, fiber 
14-page “idea book” of DOERR @& 

electric motors...useful data The Fundamental Nature of Shock and 

for designing, selecting and §& Vibration: Theory, Character, and Or a modification in housing, inlet, 

specifying. f Mechanism of Damage, Principles of i 

It shows many DOERR spe- § Testing, June 1959, 20 pages plus 


cial designs that can help you. eee . = : 
her one a aaiee 4 . cover. The nature of shock and vibra- Turn your next air problem over to 
tion is given in terms of classical 


mension and price data on §& ; : : = ‘ falo’s’ 83-year 
Pp : ie physics and mechanics. The major 13 Buffalo’s’ 83-year 


DOERR standard motors ...in : , 5 5 ; 
time-saving, condensed form. types of vibration are discussed experience in mak- 


Put the new DOERR “idea © (periodic, random, structural and air- _ ing air perform. 
book” to work for you—write © borne); also the major types of shock 
for your copy today. (velocity, simple impulse, single com- 
5 plex and multiple). Combined en- 
DOERR OFFERS: ] vironments are also treated. A section 
@ Standard and special motors in ts is devoted to the effects of shock and 
srerne ae Serpe aes SON. i vibration on missile electronic com- 
@ Drip-proof, totally enclosed a c : ‘Buffalo’ Axial 
and explosion-proof types. ie ponents. Types of damage are tabu- Flow Fan 
© Face-mounted and flange- = lated and analyzed; principles of 
mounted models; brakemotors. “ testing are given; specifications are 
@ Right-angle gearmotors to 5 hp. summarized. Glossary and Bibliogra- 
@ Full co-operation on specials » | phy included. Author is Dr. Irwin 
Write on company letterhead to Vigness, Head, Shock and Vibration 
; ; Branch, Mechanics Division, U. S. 


Naval Research Laboratory. $1.00 BUFFALO FORGE COMPANY 
Buffalo, New York 
Key to Metals in Design Engineering, Buffalo Pumps Division Buffalo, N. Y 
May 1959, 24 pages. Basic principles Canadian Blower & Forge Co., Ltd. 
of metallurgy are presented and struc- | Kitchener, Ontario 
tural characteristics of metals related | 
to design concepts. Physical and me- VENTILATING « AIR CLEANING « AIR TEMPERING 
chanical properties of metals defined. INDUCED DRAFT » EXHAUSTING »* FORCED DRAFT 


(Continued on page 216) | COOLING + HEATING + PRESSURE BLOWING 


tion from the complete line of ‘Buffalo’ 


peller Fans or our various centrifugal 


glass, stainless steel or rubber lining. 


fan wheel or blades. 


‘Buffalo’ Type 
BLH Fan 


95 N. Fourth Ave., Cedarburg, Wis. 
Phone DRake 7-0500 
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Tung-Sol/Chatham 6336A lets HUGHES 
shave size of vital power supply 


This is Hughes’ 9-in-1 powerhouse. It’s doing a 
mighty turn in the national defense effort at 
Hughes’ El Segundo plant. There the Integrated 
Power Supply is serving as a comprehensive power 
source for testing fire control systems. It supplies 
9 DC voltages and delivers up to 2 kilowatts with 
the kind of accuracy that makes these systems 
perform with split-second precision. 


Hughes selected the Tung-Sol 6336A’s to handle 
the all-important voltage regulation function. A 
34-tube bank is used. Hughes’ reasons for selecting 
the 6336A were twofold. High efficiency to keep 
wasted power heat low was half the story. The 
other half — superior power handling ability in 
a small “bottle”. These attributes, combined with 
mounting flexibility, helped Hughes come up with 
a small package size and a minimum cooling sys- 


SDT 


tem. Hughes also enjoys the reduced downtime 
and maintenance requirements resulting from the 
6336A’s long life and high electrical stability. 


Why don’t you get the benefit of Tung-Sol’s 
components know-how, too? Whether it’s tubes or 
semiconductors — and there’s a premium Tung-Sol 
unit for virtually every military and industrial 
need — you'll be designing only the best com- 
ponents into your circuit. Like Hughes you'll be 
getting quality units that have made the name of 
Tung-Sol synonymous with the finest componentry. 
Tung-Sol Electric Inc., Newark 4, New Jersey. 
TWX:NK193 
Technical assistance is available through the following sales 
offices: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; 
Dallas, Texas; Denver, Colo.; Detroit, Mich.; Irvington, N. J.; 


Melrose Park, Ill.; Newark, N. J.; Philadelphia, Pa.; Seattle, 
Wash. Canada: Toronto, Ontario. 


¢s) TUNG-SOL 
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rhe nature and specifications of metals 
are detailed for better understanding 
of current literature. The effects 
of environment and mechanisms of 


damage are illustrated. Iron and steel, 

é alloys of aluminum, precious and rare 
Oye'sS metals, copper, nickel and magnesium 
are presented in their basic design re- 

eee lationships to fundamental properties. 

Written by S. H. Avner, N.Y.C. Com- 

YoU GET munity College, and Harold E. Barkan, 
Associate Editor, EvecrricaL MANu- 

FACTURING. $1.00 


* 
U erior er ormance feat Flow Theory, April 1959, 20 pages. 


A concise review of the major ana- 
lytical techniques developed over the 
years to solve heat flow problems. 
FROM Basic equations for conduction, con- 
vection and radiation are derived. 
Dimensional analysis is used to estab- 


lish the parameters and the various 
“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions. Empirical equations are 


solved using simulated experimental 
data. Examples are chosen from elec- 
trical and electronic (transistor) appli- 
cations. Written by Allan D. Kraus, 
vanced design to assure superior performance an electromechanical engineer at 
Sperry Gyroscope Company. $1.00 


Furnas Electric Magnetic Starters feature ad- 


and longer life. Standardized design reduces 
inventory and allows a wider application with 
fewer components. Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to 

the study of magnetism, derived from 

modern solid-state physics. Explains 

magnetic behavior and properties of 

magnetic materials in terms of fun- 

damental electron interactions. In- 

cludes: Origins of Ferromagnetism; 

Internal Structure of Ferromagnetic 

Dual Voltage 110-220 or 220-440 Materials; Magnetization Curves: Time 

Volt Coils reconnectable on the job. Effects in Soft Materials; Effects of 

Magnet features just one moving Atomic Ordering in Alloys; Interac- 

part. tions for Heterogeneous Systems; Mag- 

Non-tracking Contact Block is impact netic Materials of the Present and Fu- 

resistant. Completely visible and ture. Written by Anthony Arrott and 

front removable silver-cadmium ox- a Ris Goldman of The Scientific Lab- 

ide contacts. oratory, Ford Motor Co. $1.00 


Trip-free Thermal Overload Relays— 

manual or automatic reset. Third Using Fourier Analysis in Design, Feb- 
overload relay kit can be added in ruary 1959, 16 pages. In system and 
the field. subsystem design, Fourier analysis per- 
Extra Switchlet interlocks for addi- mits the design engineer to design or 
tional pilot circuits (up to 4) may be select devices for a particular transient 
added to all starter sizes 0-4. performance solely on the basis of their 


wy 


steady-state sinusoidal performance. 
A thorough theoretical background on 
Fourier analysis is presented plus a 
discussion of the areas of application 
with specific examples to point up par- 
ticular problems often encountered 
Written by Ira Ritow, Airborne Instru- 
ments Laboratory. $1.00 


PUSH MANUAL 
BUTTON STARTER 


DRUM 


t 
' 
‘ 
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' 
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t 
: 
t 
' 
' CONTROL 


CONTACTORS 


Write today for FREE Color Bulletin 14-Bl, Furnas Electric Company, COMPENDIUMS 


1024 McKee St., Batavia, Illinois A75 Automatic Control System Design, 64 


} pages plus cover. A practical textbook 
complete as to theoretical detail, on 

FURNAS ELECTRIC COMPANY the design of servomechanisms. In the 
process of describing design by trans- 

BATAVIA, ILLINOIS fer function, system equation, and root- 

locus methods, techniques of analysis 

Sales Representatives in All Principal Cities such as Bode diagrams, Routh’s cri- 
terion, and Nyquist plots are also pres- 
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ARMCO streets / to: electrical and electronic equipment 


New steels are 
CELI 
Tete) 


7A 


G 


Si 


L 


Armco’s Wide Range of Oriented Electrical Steels 
Helps Meet Your Specific Needs at Least Cost 


Armco’s complete line of oriented grades gives you this 
fundamental advantage because it provides such a useful 
range of magnetic properties and excellent fabricating char- 
acteristics. In both design and production, these oriented 
steels enable you to improve performance and trim costs 


of power, distribution, and high performance transformers. 


New Armco Oriented M-5 


With a core loss of only 0.58 watts per lb. at 60 cycles and 
15 kilogausses, Armco M-5 augments the design possibilities 
of oriented electric steels. In addition to minimum core loss, 
Armco M-5 offers higher permeability at high inductions 


than oriented silicon steels previously available. 


Production Advantages 
Besides offering an effective range of superior magnetic 
properties, Armco M-5, M-6, M-7 and M-8 facilitate pro- 
duction of stacked or wound cores. Good punching quality 
and flatness speed shop operations and help assure trans- 
formers with as-designed performance. And since magnetic 
properties are fully developed at the mill, you eliminate the 
trouble and expense of high temperature heat treatment. 
Make full use of the opportunities created by Armco 
Oriented Electrical Steels to reduce size and cost and step 
up the efficiency of power and high performance transform- 
ers. Let us send you complete information. Armco Steel 
Corporation, 2150 Curtis Street, Middletown, Ohio. 


ARMCO STEEL 


Armco Division * Sheffield Division * The National Supply Company »* Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation * Union Wire Rope Corporation 
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{utomatic 


COIL WINDING 
MACHINE 


The Meteor ME-301 automatic coilwinder 
meets the most exacting high production re- 
quirements...single and multiple...of all 
types of bobbin coils. Relays, chokes, field 
coils, transformers, voice and resistance 
coils, etc 
Instant variable adjustment with cali- 
brated dial...just turn the dial...no 
cams or gears to wear. 
Only commercial machine that will wind 
wire ranging from AWG 14 to AWG 56 at 
high speed. Speed range variable to 
10,000 rpm. 
Accurate, immediate reversal of wire 
guide...no dwell...exact pitch. 
Electronic wire traverse ensures precise 
layer winding. 
Extreme flexibility and range, with prac- 
tically total elimination of setup time, 
makes the ME-301 ideal for lab use, and 
its high speed ideal for volume production. 
Associated American installs, services 
and fully guarantees all Meteor coil 
winding machines. 


Model ME-301 For further information, or demonstration, contact: 


ae TD me Tach an oe 


750 St. Ann’s Avenue, New York 56, N. Y. « CYpress 2-5050 
5935 West Grand Avenue, Chicago 39, Ill. - TUxedo 9-0700 
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NEW 


sub-fractional h.p. 
WORM DRIVE 
. “Le 


(GEAR MOTOR 


TYPE WGM 


—_—_——_—— 
ae a, 


‘ exceptionally 
efficient / 
"> QUIET 
low cost\ I 

ad operation 


ae 


A two-pole, shaded pole AC induction motor with totally enclosed die 
cast gear-reducer. Available for 6 to 220 volts, 50 or 60 cycle AC. Gear- 
reducer speeds, 2 to 300 rpm. Output torque up to 50 inch Ibs, at % rpm, 
Precision worm drive. Output shafts, %46", 4", 546", 96”. Mounts in any 
position. Ideal for motorized office equipment, revolving displays, vend- 
ing machines, remote TV tuning, etc. Optional: solenoid brake for fast 
stopping; overload thermal protection; varnish impregnated stator; stain- 
less steel or plated shafts. 


We custom-design motors up to 1/40 h.p.; 6 to 220 v., 50 or 60 cycle; 
¥2 to 800 rpm.; torque up to 200 inch Ibs. Special gear-reducers designed 
to your requirements at low cost. Send for details 


m= Molon Motor & Coil Corp. 


3737 Industrial Avenue ¢ Rolling Meadows, Illinois 
Custom Designers and Manufacturers of Sub-Fractional Horsepower Motors and Gear-Reducers 
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ented. Includes background material 
on complex variables and Laplace 
transforms, bibliography for further 
study. Originally published in Exec- 
TRICAL MANUFACTURING as a series of 
six articles. Includes: Control System 
Representations, December 1959 issue, 
a two-page chart showing seven basic 
control-system element classifications 
and their various common representa- 
tions, including transfer functions, 
equivalent analog computer circuits, 
Bode diagrams, Nyquist diagrams, and 
time constants. Written by Ira Ritow, 
Airborne Instruments Laboratory. $3.00 


Engineering Applications of Boolean Al- 


gebra, 68 pages. A design guide to the 
analysis and synthesis of switching 
circuits and logic systems—both com- 
binational and sequential—in any me- 
dium: mechanical, electrical, hydrau- 
lic, electronic or solid state. Includes 
five previously published articles plus 
a never-before-published appendix. 
Written by Boris Beizer, Airborne In- 
struments Laboratory, and Stephen W. 
Leibholz, Republic Aviation Corpora- 
tion. $2.00 


Slide Rule Mathematics, 20 pages, plus 


4 practice slide rules printed separate- 
ly. A practical guide to the under- 
standing of the slide rule and its ap- 
plication to engineering problems, this 
combined reprint traces the logical de- 
velopment of the slide rule’s funda- 
mentals and complete concise instruc- 
tions for its use. Major topics include: 
The Basic Slide Rule; Variations on 
Basic C-D Operation; Trigonometry: 
The Log-Log Scales; Vector Dia- 
grams; Hyperbolic Functions; Phasor 
Calculations; The Circular Slide Rule. 
Written by Ira Ritow, whose previous- 
ly published work in ELectrica. 
MANUFACTURING ‘includes “Capsule 
Calculus.” $1.00 


Five-Year Annotated Editorial Index to 


Electrical Manufacturing, 60 pages. A 
short-cut to research for design en- 
gineers. Book lists, by functional sub- 
ject classification and with succinct 
annotations, every feature article and 
major “Design Trends” short article 
published in Evecrricat MANuFAC- 
TURING during the 5-year period from 
1951-1955. $1.50 


Casting Resins and Application Tech- 


niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and 
components. Individual articles cover: 
property data on casting resins; eval- 
uation tests on resin systems; results of 
environmental tests on embedded 
units; process control problems. An- 
notated bibliography of articles is in- 
cluded. $2.00 


For other reprints, see the Editorial 


Reprints Available section starting on 


page 196. 
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ARNOLD: 


WIDEST SELECTION OF 


Vi0-PERMALLOY POWDER CORES 
FOR YOUR REQUIREMENTS 


For greater design flexibility, Arnold 
leads the way in offering you a full 
range of Molybdenum Permalloy 
powder cores . . . 25 different sizes, 
from the smallest to the largest on the 
market, from 0.260’ to 5.218’’ OD. 

In addition to pioneering the de- 
velopment of the cheerio-size cores, 
Arnold is the exclusive producer of 
the largest 125 Mu core commercially 
available. A huge 2000-ton press is 
required for its manufacture, and in- 
sures its uniform physical and mag- 
netic properties. This big core is also 
available in three other standard per- 
meabilities: 60, 26 and 14 Mu. 

A new high-permeability core of 
147 Mu is available in most sizes. 


JUNE 1960 


These cores are specifically designed 
for low-frequency applications where 
the use of 125 Mu cores does not result 
in sufficient Q or inductance per turn. 
They are primarily intended for appli- 
cations at frequencies below 2000 cps. 

Most sizes of Arnold M-PP cores 
can be furnished with a controlled 
temperature coefficient of inductance 
in the range of 30 to 130° F. Many 
can be supplied temperature stabilized 
over the MIL-T-27 wide-range speci- 
fication of — 55 to +85°C. .. another 
special Arnold feature. 

Graded cores are available upon 
special request. All popular sizes of 
Arnold M-PP cores are produced to 
a standard inductance tolerance of + 
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or —8%, and many of these sizes are 
available for immediate delivery from 
strategically located warehouses. 
Let us supply your requirements for 
Mo-Permalloy powder cores (Bulletin 
PC-104C). Other Arnold products in- 
clude the most extensive line of tape- 
wound cores, iron powder cores, per- 
manent magnets and special magnetic 
materials in the industry. @ Contact 
The Arnold Engineering Co., Main 
Office and Plant, Marengo, Illinois. 
ADDRESS DEPT. EM-6 


% ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 


CITIES © Find them FAST in the YELLOW PAGES 
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LITERATURE for the Design Engineer 


{1l-new listings of manufacturer's literature just off the press... 


including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


RANDOM-SIGNAL MEASUREMENTS 
Four-page Bulletin 59, “A-C Voltmeters 


and Random Signal Measurements.” 
compares relative merits of seven basic 
types of a-c voltage measuring devices, 
describes some properties of random 
signals and discusses their importance, 
and outlines several necessary design 
accurate random- 


features to obtain 


signal power measurements. Appendix 
true-rms 


Mystic 


mathematics — of 
measurement. Flow Corp., 85 
St.. Arlington Mass. 

Circle 756 on postcard at end of book 


desc I ibes 


PILOT LIGHTS 


Digest L-161B consists of 24 pages of 


condensed technical data on a wide 
range of pilot light assemblies and the 
lamps for which they were designed 
Section of digest is devoted to lens 
holders with lenses for panel mounting. 
cable connectors, and bracket-mounted 
sockets for small lamps. Dialight Corp.. 
60 Stewart Ave., Brooklyn 37, N. Y. 
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MAKING TIME-INTERVAL 


MEASUREMENTS 

Fourteen-page Data File 112 describes 
methods of making precise time meas- 
urements with 


digital electronic ap- 


paratus. Examples covered include 
measuring: period of a signal, pulse 
interval, phase difference. timing relay 
action and determining velocity. Tech- 
niques for coping with noise and im- 
proving accuracy are described. Berke- 
ley Div., Beckman Instruments, Ine., 
2200 Wright Ave., Richmond, Calif. 
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MAGNETOSTRICTIVE DELAY 
LINES 

Comprehensive Data Sheet M-1001 
gives extensive information on theory 
of operation of fixed and variable mag- 
lines. Also listed 
design characteristics 
available for these delay lines such as 
fixed-line characteristics, delay range, 
taps, variable-delay lines, adjustments, 


netostrictive delay 


are range of 


impedance, temperature and associated 
circuitry. Control Electronics Co., Inc., 
10 Stepar Place, Huntington Station, 
Lea 
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FUEL CELLS 
Twelve-page Booklet GED-411]  dis- 
cusses basic facts about fuel cells, in- 
cluding how they work, problem areas. 
cells under 
features of the 
manufacturer’s ion-membrane fuel cell, 


various types of fuel 


development, special 
technical performance data and applica- 
tion information. General Electric Co., 
Schenectady 5. N. Y. 
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TRANSFORMERS AND FILTERS 

Catalog CT9-59 covers transformers and 
filter reactors. The 36-page book gives 
complete product specifications on over 
550 units for military, industrial and 
communications applications. Included 
are transformers and reactors to meet 
MIL-T-27A 


also commer ial 


requirements. There are 
units as well 
circuit 
formers. Chicago Standard Transformer 
Corp.. 3501 W. Addison St., Chicago 18. 
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grade 


as control and power trans- 


FAN AND BLOWER SELECTOR 
Four-page Bulletin FB is a simplified 
guide to determining cooling require- 
ments for electronic applications and 
for selecting proper type and capacity 
of miniature fans and blowers. Globe 
Industries, Inc., 1784 Stanley Ave., 
Dayton 4, Ohio. 
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METERS AND POWER SUPPLIES 
Catalog C-260-1 illustrates 17 different 


products, including power supplies, 
voltmeters and a volt-ampere-wattmeter. 
provides technical 
data sufficient for preliminary evalua- 


tion of each instrument listed. Speci- 


Four-page catalog 


fications cover voltage, current, accu- 
stability, 
resolution. 


maximum 
John Fluke 
Inc.. Box 7161. 


racy, regulation, 
ripple and 
Manufacturing Co.. 
Seattle 33. Wash. 
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TRANSDUCER 


Folder 5.501 describes “Regohm” 
transducer which linear or 
angular motion into resistance changes. 
Device controls electrical 


converts 


circuits at 
high power levels in response to small 


changes in mechanical position or 


force. Electric Regulator Corp.. Pearl 
St... Norwalk, Conn. 
Circle 764 on postcard at end of book 


DIGITAL EQUIPMENTS 


Short-form 4-700 
quick-reference table showing 85 digital 


Catalog features a 
building blocks and 22 accessory units. 
Units are arranged by type (patchcord 
inter-connecting digital test equipment 
and plug-in system building blocks) 
and by speed (500 ke, 5 me and 10 
mec). Folder also describes computers 
and memory testers. Digital Equipment 
Corp.. Maynard, Mass. 
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D-C DRIVEN CHOPPERS 


Catalog 554, two pages, gives informa- 
tion on a line of d-c driven choppers. 
both SPDT and DPDT. featuring low 
noise and 94-cps chopping rate. Chop- 
per noise-level specification is 1 volt 
into 100,000 ohms. 
drives chopper. Stevens-Arnold, Inc., 7 
Elkins St., South Boston 27, Mass. 
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Twelve volts d-c 


CUSTOM-BUILT ELASTOMERS 
Six-page Bulletin 902 describes capa- 
bilities in 
elastomers. Bulletin presents formation 
with 


design of custom-built 


and examples for those faced 


designing new products that require 
specialized elastomeric properties. Two- 
page chart lists physical and chemical 
properties of ten major elastomers, 
plus environmental resistance charac- 
teristics. Lord Manufacturing Co., Erie, 
Pa 

a. 
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METAL-FILM RESISTOR 


Bulletin 04-101-A gives technical data 
on the Vamistor. a metal- 
film resistor which combines features 
of both 
Specifications, characteristics, perform- 
shelf life are detailed. 
Smaller in size than specified in MIL- 
R-93A, operates at higher 
ambient temperatures than required 
by military and also exceeds a number 
of stability requirements. Daystrom, 
Inc.. Weston Instruments Division, 614 
Frelinghuysen Ave., Newark 12, N. J. 
Circle 768 on postcard at end of book 
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precision 
wirewound and film’ types. 
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Cables manufactured by Reynolds 
Metals Company, Richmond, 
Virginia. Covering extruded of 
Tenite Polyethylene. 


“ i 
Why Reynolds covers these aluminum 


conductors with TENITE POLYETHYLENE 


To obtain the highest possible performance from 
their secondary distribution and service line 
cables, Reynolds Metals Company chooses 
Tenite Polyethylene as a covering material. 
Tenite Polyethylene is manufactured under as 
rigid a system of quality control as Reynolds’ 
own aluminum conductors, and makes a tough, 
weatherproof, fast-stripping covering material 
which offers high dielectric strength and resist- 
ance to abrasion, heat, moisture, chemical attack 
and stress cracking. It remains flexible even at 
sub-zero temperatures and its light weight per- 


Both natural and black electrical grade Tenite Poly- 
ethylene are available to cable manufacturers in a 
unique spherical pellet form which flows freely in the 
extrusion process and in “air-veying” of bulk ship- 
ments from truck to bin. 


pm 
s33 


mits easy handling and wide spans. Users report 
that it gives long service life without festooning 
or splitting. 

Tenite Polyethylene is easily extruded as 
jacketing or insulation for many diverse appli- 
cations, from coaxials to control cables, from 
TV lead-ins to telephone wires. For a material 
with outstanding electrical, physical and chem- 
ical properties, specify Tenite Polyethylene. For 
further information, write EASTMAN CHEMICAL 
Propucts, Inc., subsidiary of Eastman Kodak 
Company, Kincsport, TENNESSEE. 


TENITE 


POLYETHYLENE 


an Eastman plastic 





TIME-DELAY RELAYS 
Bulletin 359, four pages, reviews fea 
tures of a series of fixed and adjust- 
able solid-state time-delay relays. Fea- 
tures are: timing accuracies of +1 per 
cent; 2-amp and 5-amp SPDT contacts: 
and temperature range of 20 to 
+80 C. Marstan Electronics Corp.. 
204 Babylon Turnpike, Roosevelt, L. L., 
MR 
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RESISTIVE COMPONENTS 


Catalog 260 contains seven pages of 
data on flat 
lead resistors, 


power resistors, axial- 
vitreous-enameled _ re- 
sistors. adjustable resistors and rheo- 
stats. Power ratings of components 
start at 3 watts. Hardwick, Hindle, Inc., 
Newark 5, N. J 
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ENVIRONMENTAL TEST CHAMBERS 


Two-page bulletin reviews CO.-cooled 
from 100 to 
Rapid pulldown enables 


chambers operating 
+600 deg F. 
shock testing. HL series chambers are 
bench models. Gruenberg Electric Co., 
Inc., 9 Commercial Ave., Garden City, 
res 
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DIODES AND VOLTAGE LIMITERS 
Bulletins B217A and B220A are each 


two-page technical data sheets on, re- 
spectively, silicon diodes (switching 
and general-purpose types) and voltage 
limiters (glass diodes with maximum 
ratio of d-c to a-c impedance in the 
region of 1 to 10 ma and 0.25 to 0.75 
volts). Clevite Transistor Div. of Clevite 
Corp., Waltham, Mass. 
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RESISTORS AND COIL FORMS 
Products covered by four-page catalog 
include 4%, 1 and 2-watt fixed compo- 
sition resistors that meet or exceed all 
requirements specified by MIL-R-11 
and RS 172. Descriptive data include 
dimensions, derating curve and table 
of standard 
Other 
phenolic coil 
sistors. Speer Resistor Division, Speer 
Carbon Co., Bradford, Pa. 
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tolerances. 
deal with 
special re- 


values and 
sections of catalog 


forms and 


INFRARED PHOTOELECTRIC SCANNER 


Scanner (proximity sensor), contain- 
ing both light source and pick-up head 
in one small housing, is completely de- 
scribed in one-page Bulletin 260. De- 
tails include photographs, dimensions, 
size and mounting specifications. Farm- 
er Electric Products Co., Inc., 2300 
Washington St., Newton Lower Falls, 
Mass. 
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SCHERING BRIDGE 
Catalog EH-le 
bridge for the measurement of dielec- 


describes a Schering 
tric loss factor, capacitance of grounded 
or ungrounded test objects at high and 
low voltage, and for determining di- 
electric constant of insulating materi- 
als. Epic, Inc., 150 Nassau St., New 
York 38, N. Y. 
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COMPUTING WITH LOG CONVERTER 
Four-page AN-101 describes the use of 
Moseley Model 60B 
verter as a computing element. When 
used in pairs and with a suitable read- 


logarithmic con- 


out device, converter can perform mul- 
tiplication and division. F. L. Moseley 
Co., 409 No. Fair Oaks Ave., Pasadena, 
Calif. 
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ENVIRONMENTAL TEST CHAMBER 
“Valu- 


high-temperature 


Two-page data sheet 
Mite” low- and 
chamber. Test space is 2 cu ft. Range 
is —100 to +240 F. International Radi- 
ant Corp., 577 E. 156 St., New York 
55, N.Y. 
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presents 


DIGITAL TRANSLATOR 

Bulletin 122 introduces a 
Gray-to-binary — translator 
which translates up to 14 bits of Gray 


Two-page 
solid-state 


a more complete line of 
OIL TIGHT PUSH BUTTONS 
and Pilot Devices 


New Units added to the A-H line 
Push to Test Pilot Light 
Lighted Push Button 
Cylinder Lock Push Buttons 
Cylinder Lock Selector Switches 
Plus an A-H Exclusive = 
Rugged Construction 


Dependable Operation 
Heavy Duty Push Button Ratings 


Ae 
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code to binary. Sheet explains that 
unit will serve as storage translator 
or continuous translator. Propagation 
time, 10 psec/bit. Datex Corp., 1307 
Su. Myrtle Ave., Monrovia, Calif. 
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MAGNETIC STARTERS 
Fight-page illustrated Bulletin PL 12- 
8-160 gives engineering data on start- 
ers. Available in sizes from Size 0 
through 4. Arc-quenching principle, 
used on the sizes 2, 3 and 4 a-c start- 
ers, is described and diagrammed. En- 
closures, forms and combinations of 
starters are shown. Clark Controller 
Co., 1146 E. 152 St., Cleveland 10, 
Ohio. 
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THERMOCOUPLES 
Catalog of 26 pages contains sections 
on wire thermocouples, aircraft and 
special-purpose models, thermocouple 
accessories, reference junctions, refer- 
ence data and recommendations, plus 
manufacturer’s — facilities. _Temptron, 
Inc., 7030 Darby Ave., Reseda, Calif. 
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TEMPERATURE POTENTIOMETERS 

Two-page Data Sheet ND42-33-1A de- 
scribes a single-range and a double- 
range portable temperature potentio- 
meter for making accurate temperature 


or millivolt measurements in industrial 
plants or research laboratories. Leeds 
& Northrup Co., 4934 Stenton Ave., 
Philadelphia 44. 
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NATURAL QUARTZ-CRYSTAL 
TRANSDUCERS 
Transducers for pressure, force, ac- 
celeration and vibration measurements 
are described in four-page Bulletin 
101160. Pickup adaptors are shown, 
associated electronic equipment is il- 
lustrated. Kistler Instrument Corp., 15 
Webster St., North Tonawanda, N. Y. 
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A-C MOTORS 


Bulletin MU-245 lists motors, 1/6 
through 10 hp, available with resilient 
mountings. Motors are polyphase squir- 
rel-cage, split-phase, single-phase and 
vapacitor-start single-phase. Wagner 
Electric Corp., 6400 Plymouth Ave., 
St. Louis 33, Mo. 
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NYLON BOBBINS AND WASHERS 


Four-page brochure on bobbins and 
thrust washers outlines bobbin speci- 
fications on maximum and minimum 
flange and core sizes, core lengths and 
wall thicknesses. Bobbins are used in 
motors, transformers, solenoids and re- 


lays. Cosmo Plastics Co., 3239 W. 14 
St., Cleveland 9, Ohio. 
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WIREWOUND POTENTIOMETER 
APS-60 is a data sheet on miniature 
single-turn potentiometers. APS-1% has 
an OD of 1% in. and case length of 3% 
in. WPS-1%4 is precision version of 
APS-1%4 with  servo-type mounting. 
Waters Manufacturing, Inc., Wayland, 
Mass. 
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MYLAR-DURALAR DRAFTING 
REPORT 


Drafting film for tracings, which may 
be washed to remove soil, is described 
in four-page folder. Special pencils and 
erasers are used. Lines are not affected 
by washing. J. S. Staedtler, Inc., Hack- 
ensack, N. J. 
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VINYL TUBING 
Specification Table 7900 gives sizes 
(AWG 24 to %) and dimensions of 
105-deg C extruded vinyl tubing avail- 
able. Wirekraft, Inc., Rolling Prairie, 
Ind. 
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TEST INSTRUMENTS 


Bulletin 19-60, 12 pages, reviews elec- 
trical resistance testers, dielectric test 


MOTOR CONTROLS 
a | 


TURN-TO-TEST 
LIGHTED PUSH BUTTON 


Advantages of Push-to-Test Pilot Light 
and Lighted Push Button in One Unit! 
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ee 
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e More Economical Than 2 Units 


e Control Circuit Not Energized When 


Lamp is Tested 


vn td 
Pe2. : ¥. 


® Saves Mounting Space 
© Saves Installation Time 


© Same Mounting as Other 
Oil Tight Unit 


FOR COMPLETE INFORMATION ... write today for your free copy of the 
Arrow-Hart circular data on these A-H Oil Tight Units and Stations and also on 
our Standard Duty and Heavy Duty Push Button Lines. The Arrow-Hart & Hege- 
man Electric Company, Dept. EM, 103 Hawthorn Street, Hartford 6, Connecticut. 


ARROW © HART 
Khualily since 1690 


MOTOR CONTROLS ENCLOSED SWITCHES 
Circle 231 on Inquiry Card 


APPLIANCE SWITCHES WIRING DEVICES 





resonant-reed fre 
Digest 


Sets motor testers 
quency meters and tae hometers. 
of manufacturers 


cludes 


corona test 


products also in 


transtormer turns-ratio test set, 

equipment, relays and os 

cillator controls. James G. Biddle Co 
$16 Arch St.. Philadelphia 7. 
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FIXED CAPACITORS 


types of precision hermetic seals which 
vase uated or 
Each 


listings give 


are available for pres- 


illus- 


dimensional 


surized enclosures. seal is 
trated 


specifications. Spec ial section gives lat 


est accepted glass seal nomenclature. 
Catalog also covers usage recommenda 
Dage Kee tric Co... Inc . Bee h 


Grove. Ind. 


tions, 


come in bore sizes from 0.1875 to 
1.7717 in. and OD’s from 0.5000. to 
3.3465 in. Barden Corp.. 200 Park Ave., 
Danbury. Conn. 
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MAGNETIC PULLEYS 


Factors governing selection of electro- 


magnetic pulleys or non-electric cer- 


Circle 791 on postcard at end of book amic pulley are explained in Catalog 
C-2000. Chart 

proper magnetic 
belt belt 
mation on ribbon cables insulated with Dings Magnetic Separator Co., 4740 
PF E-fluorocarbon Web and in- W. Electric Ave., Milwaukee 46, Wis. 
sulation of flat cable are homogeneous. Circle 794 on postcard at end of book 
Bulletin 


tions, 


Catalog of 78 pages contains sections 


shows how to. select 
on power capacitors, sper ialty capaci 


RIBBON CABLE 


Five-page data bulletin. supplies infor- 


pulley in relation to 


Latter two sec 
bath- 


rectangular ca 


tors and military types 


speed, width, and burden. 


tions list metal-encased tubular, 


tub. motor-mount and 


resin, 
pacitors. Fourteen pages of technical 
data on capacitors (nomographs, charts 
tables) included. Electrical Utili 
LaSalle, Il 
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DIALS AND NAMEPLATES 


“Fotofoil 
data 


gives description, 


construc- 
and 


SPEED MEASUREMENT 


Catalog 2659, 14 pages. reviews tacho- 


properties, performance and ap- 
techniques. W. L. Gore & 


187 Papermill Rd., New- 


*s Co j 
tie : plication 


\ssoc.. Ine... 
irk. Del. 
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meter generators, indicators, packaged 
speed-indicating systems, a tachometer 
four calibrator and a constant-voltage refer- 


Brochure. System.” 


contains ence supply. Applications and technical 
data included. Servo-Tek Products Co.. 
1086 Goffle Rd., Hawthorne, N. J. 


Circle 795 on postcard at end of book 


designed to give 


PRECISION BALL BEARINGS 


types 


pages 


reader an understanding of the 


of nameplates and other etched metals Four-page Engineering Data Sheet T1 


parts which can be manufactured in on “T retainer bearing has been re- 


. > > 
his plant using anodized aluminum leased. Retainer combines high-speed 


THERMISTORS 

E14-5M260BP introduces Ty pe 
thermistors with resistances 
k to 100 k ohms (at 25 C) for am- 
bients to 300 C and Type D disk units 
with from 100 to 100 k 
ohms for ambients to 150 C. Six pages 


Walter 


sheet, coated with photographic, acid qualities of laminated phenolic on all 
film. Miller Dial and Name 
Plate Co.. 4400 No. Temple City Blvd., minum alloy. Operating temperatures kK 
Kl Monte, Calif tor 

Circle 790 on postcard at end of book tinuous operation. Maximum. speeds to 


110.000 


resistant wearing surfaces with strength of alu- Form 


from 


retainer range up to 300 F, con- | 


with resistances 


vrease lubrication under moderate loads 


rpm are permissible 


HERMETIC SEALS 


Catalog 1259. 28 pages. lists basi ind moderate temperatures. Bearings include three of typical curves. 
z | | : | 


Now Let’s Talk PHOTOMATION 
miniature “ELECTRIC-EYES”! 


Monitoring — Registration — Quality Control 


NEED HEAT? 


One of our 85 Standard Industrial 
OTT Tae al tt: 
BENCH ¢ CABINET * WALK-IN TYPES. 


Engineered for the special job 


i Miniature to save space 


For preparation 
of materials and 
chemicals for 
production. 


GRIEVE-HENDRY 
OVENS 


On the 
production line 
for intermediate 


heating. Model CR-1 


10 cu. ft. capacity—30" wide x 
25” deep x 24” high. Removable 
shelves and drip pan. Forced air 
circulation. Adjustable tempera- 


ture control to 225° F. s] 21 50 


f.0.b, Chicago 
Quick quotations, prompt de- 


livery, reasonable prices on Ovens 
built to your requirements. 


The Photomation miniaturized 
“electric-eyes” will give an average 
of millions of operating cycles. They 
are designed for the production line 
to speed up production with maxi- 
mum quality control. 


e Low Power Consumption 
e High Efficiency 

e Simple Installation 

e Rugged and Dependable 
e Accurate 

e Built-in Versatility 

e Extremely Sensitive 


For baking-on 
finishes or 
drying. 


At Your Service ...an outside net 
work of specially trained automa- 
tion engineers to handle your 
problems. Local, on the spot recom- 
mendations and quotes. Write for 
descriptive material. 


Ad en Lae dad d 


GRIEVE-HENDRY CO., INC. 
1331 N. Elston Ave., Chicago 22, Ill. 


ELECTRONIC 
INSTRUMENTS 
and 
CONTROLS 

for INDUSTRY 


atta gaat a meat as 
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Consistent/y Dependable Capacitors 


Tiny Mike miniature ceramic disc capacitors are 
designed to meet the limited-space, low-voltage require- 
ments of portable transistorized radios and a wide va- 
riety of other miniature battery-powered and _ line- 
powered equipment. Especially applicable for bypass 
and coupling use, their tough phenolic coating and high- 
temperature wax impregnation provide excellent insula- 
tion, protect against high humidity and severe vibra- 
tion. Immediately available in production quantities. 
For detailed information and engineering assistance, 
write for Bulletin SEB-2 to Cornell-Dubilier Electric 
Corporation, South Plainfield, New Jersey. Manufac- 
turers of consistently dependable capacitors, filters and 


CDE CORNELL-DUBILIER 


Ed AFFILIATE O WITH 


JUNE 1960 


FEOERAL 


a Ate 


Cornell-Dubilier’s 
low-inductance 
ceramic-disc 
OTT te) 

0 


transistorized 
applications 


networks for electronics, thermonucleonics, broadcasting 
and utility use for 50 years. 


SPECIFICATIONS AND FEATURES 


Capacitance values available: .005, .01, .02, .05, and .1 mfd. 
Diameters: .350” to .625” 

Working Voltage: 50 VDC 

Crimped and Straight-Cut Leads for Automation. These units 
are available in 600 and 1000 VDCW ratings on types C, JA, JB, 
JC, BYA and other general purpose capacitors. Leads are accu- 
rately spaced for easy insertion into printed wiring boards. 
Crimped leads prevent bottoming on printed wiring boards, as- 
suring positive contact for soldering. Straight-cut leads save 
height off the board and may be inserted to circumference of disc. 
Controlled phenolic dip avoids “rundown” of the phenolic on 
straight-cut leads. Assures always-uniform soldered connections, 


ELECTRIC CORPORATION 


PACIFIC ELECTRIC COMPANY 
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Kidde & Co., Inc., Main St., 
N. J. 


selleville, 
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PRECISION COMPARATOR 


Bulletin PC-2 contains 14 pages of in- 
formation on a comparator for auto- 
matic GO, NO-GO testing plus 21 circuits 
on use in a variety of measurement 
problems. Optimized Devices, Inc., 864 
Franklin Ave.. Thornwood, N. Y. 
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PRECISION GEARS 
Four-page folder listing capabilities of 
the company in designing, fabricating 
and checking high-precision gears and 
trains describes control of both 
backlash 
achieve total accuracy in gear mechan- 
isms. Mechanical Division, General 
Mills, Inc., 1620 Central Ave., Minne- 
apolis 13, Minn. 
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gear 


angular and tolerances to 


PRESSURE-MEASURING ELEMENTS 


Catalog 900 illustrates the characteris- 
tics of standard diaphragm and Bour- 
Dia- 
pictured, ma- 


don tube measuring elements. 


phragm elements are 
terials and performance characteristics 
are listed for both conventional capsule 
and nested capsule types. Tables list 
dimensions, specifications and materials 


of Bourdon tubes. U. S. Gauge Div., 


American Machine and Metals, Inc., 
Sellersville, Pa. 
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GAUSSMETER 
Two-page catalog sheet describes Model 
120 direct-reading gaussmeter. Twelve 
ranges cover from 0.1 to 30,000 gauss, 
full scale. Sheet explains that meter 
has built-in probe calibration feature. 
F. W. Bell, Inc., 1356 Norton Ave., 
Columbus 12, Ohio. 
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BRASS AND BRONZE ALLOYS 

Sixteen-page brochure includes infor- 
mation and technical data on bearings, 
bushings, bar stock and babbitt metal. 
It includes formulas for running clear- 
ances and characteristics of effective 
lubrication. Six pages are devoted to 
specifications, composition 
and mechanical properties of brass and 
bronze casting alloys and manganese 
and aluminum bronze alloys. American 
1365 Oberlin 


chemical 


Crucible Products Co., 
Ave., Lorain, Ohio. 
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TUBULAR CAPACITORS 

Bulletin 623 describes capacitors which 
feature Mylar dielectric and which are 
encapsulated in epoxy resin. Charac- 
teristics include good humidity resist- 
ance and capacitance range of 0.001 


HAGEN 


manual 
pneumatic 
timer... 


MODEL 86 


FOR MANUAL START AND AUTOMATIC STOP 
ANY TIMED PROCESS OR OPERATION 


Compact — requires only 


%& May be mounted in any 


to 1.0 pl. Good-All Electric Mfg. Co., 
Ogallala, Neb. 
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MERCURY SWITCHES 

Eight-page technical catalog gives com- 
plete specifications on 21 special-pur- 
pose mercury Catalog also 
shows variety of terminals and mount- 


switches. 


ing clips for mercury switches, plus 
chart showing locked- 
rotor current ratings for electric motors. 
Gordos Corp., 250 Glenwood Ave., 
Bloomfield, N. J. 
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approximate 


FABRICATED SILICONE RUBBER 
Bulletin of six pages describes engi- 
neered seals for the aircraft, electronic 
and appliance precision 
molded parts, extruded parts, and sheet 
and die cuts. Haveg Industries, Inc., 
Taunton Div., 336 Weir St., Taunton, 
Mass. 


industries; 


Circle 804 on postcard at end of book 


TRACK-RESISTANT INSULATING 
COATING 

Fight-page Booklet MB-1908A_ de- 
scribes properties and uses of Limitrak 
surface-coating insulating material. 
When painted or sprayed on electrical 
equipment, insulation provides tough, 
attractive surface that is highly track- 


(Continued on page 229) 


7/2 sq. in. for mounting position 


Eliminate ‘high-cost specials’ by standardizing 
= AMERICAN STOCK GEARS 


you'll probably find that instead of 
having to ° the added time and expense of ordering 
specia'’ , that your needs can be filled from the 
American line. 


Accurate — maintains 


*% Timing Range —0.2 sec. 
+15% of mean setting 


to 60 sec. 
%& Operates on 90% captive air principle 


A high quality — low cost timer whose mechanical Inves.., 


life has been tested to over 10 million operations. 
(Switch 1 million). 

American is a complete stock gear line. It includes 
brass, bronze, steel, semi-steel, cast iron, and non-metallic 
gears in a range of 48 to 3 diametral pitch. Available from 
your nearby distributor of American Stock Gears. 

Ask for FREE copy of American Stock Gear Catalog No. 360 
containing detailed information and engineering data. 


AMERICAN STOCK GEAR division 


Perfection Gear Co., Harvey, Illinois 


Write for Bulletin No. 1620 for complete specifica- 
tions. Address Dept. EM-660. 


HAGEN © MANUFACTURING COMPANY 


Baraboo, Wisconsin 
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do you know 
these facts 
about this 
fabulous 
plastic? 


Do you know that: 


@ National Vulcanized Fibre is not a 
paper, or a fiber-board, but a tough 
cellulosic plastic . . . the oldest plastic 
of all! 


@ Despite a parade of new exciting 
plastics (and we make many of them 
Vulcanized Fibre goes on sparking 
thousands and thousands of bright, 
new, cost-cutting ideas that other 
plastics aren’t equal to! 


@® Vulcanized Fibre offers a most un 
usual combination of electrical and 
mechanical properties, giving your 
imagination more leeway, and you a 
greater chance of fingering the exact 
properties you want! 


@® National Vulcanized Fibre has out 
standing arc resistance, low thermal 
conductivity, amazing resiliency and 
shock-absorbency, high abrasive re 
sistance. It is fungus resistant. It 
soaks up noise! 


@ National Fibre can be formed or 
deep-drawn into intricate shapes; and 
machined, polished, painted, lac 
quered, embossed . . . even used in 
combination with other materials, 
such as aluminum, wood, rubber, 
copper 


@ When used for railroad track insu 
lations, Vuleanized Fibre can take 
the constant pounding of trains, yet 
can gently cushion fragile electronic 
parts, when used for containers. And 
it has stood up under 22,000° F for 
ten seconds without serious loss in 
weight! 


@ Vulcanized Fibre weighs half as 
much as aluminum, one-third as much 
as steel, is smooth as glass, and is one 
of the strongest materials known per 
unit of weight! 


@ There are sixteen standard grades, 
including a fire-resistant “‘Pyronil.”’ 
And the cost of National Vulcanized 
Fibre is in the cents bracket, com 
pared to dollars for many other types 
of plastics. 


@ This could be the plastic you are 
looking for now! 


For help on a present problem, or for 
information on National Vulcanized 
Fibre and samples, just write Dept 
RR, or contact your nearby NVFSales 
Office. You'll find the ‘phone number 
in Sweet's Product Design File 2b /Na 


( WATIONAL 


VULCANIZED FIBRE co 


in Canada 


NATIONAL FIBRE COMPANY OF CANADA, LTD. Toronto 3, Ontario 





now 9 sTANDARD TYPE 
TIME DELAY 
TIMERS 


IN AN EXTENDED RANGE OF TIME CYCLES 


1/60th of a second to 24 hours 


For bigger savings in OEM design and installation now, choose a - 
= ee ee g ; Series 90 
standard time delay timer from Industrial Timer’s expanding line to Back-mounted, for applica- 
tions where time cycle is 


satisfy almost every mounting requirement... back, side, flush, through- infrequently changed or per- 
: manently fixed (42 sec. to 5 


the-panel, totally enclosed or explosion proof. Industrial Timer’s bigger- min.) 


than-ever selection gives you greater design latitude in both function 
and appearance...eliminates the need for costly custom-made controls 


in your specifications. 


All 9 types have these special features: 
1. Actuated by momentary or sustained pulse 
2. Automatic reset 
3. Heavy duty load switches rated at 10 and 15 amps 
4. Easy, positive adjustment of time cycles 


By specifying Industrial Timer you are assured of accurate and depend- 
able controls for applications requiring a specific time delay between 


circuit operations. Full details in Bulletins 300, 800 and 900. Series SF 


Back-mounted (1/10 sec. to 
5 min.) 


v <a he 


Ps 


3 


Series TDAB Series TH Series TDXP 


Flush-, back-mounted or to- Back or bottom-mounted. Bottom or back-mounted. 
tally enclosed (1/60 sec. to Thermal time delay switch. Explosion proof. External ad- 


3 hrs.) (15 sec. to 2 min.) justments (1/60 sec. to 3 
hrs.) 


IdGusra 


Timers that Control INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry Ss 1407 McCARTER HIGHWAY, NEWARK 4, N. J. 


Industrial Timer’s complete line also includes: Interval Timers, Running Time Meters, Cam Timers, 
Explosion Proof Timers, and Programmers. Our 40-page catalog describing these is available on request. 
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ands are-resistant. Booklet includes 
physical and electrical properties. 
Westinghouse Electric Corp., Benolite 
Plant, Manor, Pa. 

Circle 805 on postcard at end of book 


INSTRUMENT GEARS 
Graded instrument gear catalog and 
engineer’s handbook describes gears 
stocked in four grades, with a total 
composite tooth error of 0.002, 0.0015, 
0.001 and 0.0005 in. and available in 
five materials. Stock pitches range from 
20 to 120. Armac Gears Div. of Franke 
Gear Works, 4401 No. 
Ave., Chicago 40, III. 
Circle 806 on postcard at end of book 


Ravenswood 


TANTALUM CAPACITORS 
Eight-page Bulletin 6.111-2 gives in- 
formation on tantalum electrolytic ca- 
pacitors for applications in ambient 
temperatures up to 125 C. Information 
includes detailed specifications, physi- 
cal dimensions, ratings, curves, per- 
formance characteristics and applica- 
tion information. Fansteel Metallur- 
gical Corp., North Chicago, II. 

Circle 807 on postcard at end of book 


POWER SUPPLIES 
A 16-page 
specification data for 75 d-c supplies. 
Power supply selection chart permits 
user to select output requirements and 


catalog contains complete 


I 


turn to complete data for supplies that 
fulfill ‘his requirements. Dressen-Barnes 
Corp., 250 No. Vinedo Ave., Pasadena, 
Calif. 

Circle 808 on postcard at end of book 


WIREWOUND RESISTORS 
Bulletin D-119, two pages, gives speci- 
fications, ratings and dimensions of 
miniature and printed-circuit resistors. 
Tolerances are 0.05 to 1 per cent while 
temperature coefficient is +0.002 per 
cent/deg C from 65 to +125 C. 
Dmeter Manufacturing Co., Inc., 68 
No. Broadway, Yonkers, N. Y. 

Circle 809 on postcard at end of book 


FASTENER BULLETINS 


Bulletins describe features of screws, 
nuts, bolts, self-leveling screws, and 
studs for various applications. Screws 
may be supplied with neoprene wash- 
ers. Pheoll Mfg. Co., Inc., 5700 Roose- 
velt Rd., Chicago 50, II. 

Circle 810 on postcard at end of book 


MAGNETIC PROXIMITY SWITCH 
Section 1 is a two-page sheet on a 
toggle-type stack switch which is ac- 
tuated through a non-magnetic barrier 
by magnetic force. Typically, SPDT 
switch is applied to liquid-level control. 
Jo-Bell Products, Inc., 5456 W. 11 St., 
Oak Lawn, Il. 

Circle 811 on pectcord at end of book 


° 


®& 


ELECTRI CAL 


PORCELAIN 


Produced to meet your 


individual requirements 


We make gears like these fora 
wide variety of gages, meters, 
indicators, controllers, etc, 
Tell us your needs. 


THE Freese” 


Send Your Drawings and Specifications to: 


AKRON PORCELAIN CO. 


FOR AUTOMATIC 
CONTROLS 


XS 


Sd 


RECTILINEAR TRANSDUCER 


Bulletin KO-1 presents a_ variable- 
permeance transducer, with a spring: 
loaded probe, for continuous moyemem 
applications. Transducer is used in 
operations where probe cannot be 
coupled to moving member, such as 
cam following and automatic gaging. 
Four models available in rated ranges 
of 0.25 to 2.0 in. displacement. Crescent 
Engineering & Research Co., 5440 No. 
Peck Rd., El Monte, Calif. 


Circle 812 on postcard at end of book 


RESISTANCE-WELDING 
TRANSFORMERS 
This 20-page Brochure SP-23 contains 
data on resistance welder transformers 
including construction techniques, 
transformer rating and load demand, 
magnetizing and load transients, ap- 
plication and duty cycle. Formulas pro- 
vided for calculating kva loading at 
various duty cycles. Taylor Winfield 
Corp., Warren, Ohio. 

Circle 813 on postcard at end of book 


LAMINATED-PLASTIC MOLDED 
PRODUCTS 


Molded products for a wide range of 
industrial applications are described 
in an 8-page booklet which outlines 
manufacturer’s molded products serv- 
ice, which includes design of part, de- 


20 to 
200 D.P. 


Send your prints 
for quotations 


SPURS 
HELICALS 


WORM AND 
WORM GEARS 


STRAIGHT BEVELS 
LEAD SCREWS 
RATCHETS * 
CLUSTER GEARS 
RACKS 
INTERNALS 

ODD SHAPES 


ote tr Om 


7 ae GEARS 


VA Gear VL A i 


2725 CORY AVE., AKRON 14, OHIO 


1035 PARMELE STREET, ROCKFORD, ILLINOIS 
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sign and fabrication of mold, and mold- 
ing of part. Properties of 25 laminates 
available in molding grades are listed. 
Photos show typical applications. For- 
1614 Spring 
Cincinnati 32, Ohio. 


Circle 814 


mica Corp., Grove Ave., 


postcard af end of book 


MACHINE TOOL CONTROL 


Brochure describes manufacturer's nu 
mericel machine tool controls. Booklet 
gives de~« ription and specifi ations of 
solid-state unit, which can be applied 
to any machine requiring two- or three 
axis positioning, such as drilling, bor 
ing, turning equipment, punch presses, 
spot welders and eyelet inserters for 
circuit’ board sub-assemblies. Hughes 
Industrial Systems Div., International 
Airport Station, Los Angeles 45, Calif. 


Circle 815 on postcard at end of book 


LEAK DETECTOR USE 


Brochure 1857 
tables of conversion factors, formulae, 


Four-page contains 


performance charts, hints and other 
useful information for users of mass 
spectrometer-ty pe leak detectors. Ana- 
lytical and Control Div., Consolidated 
Electrodynamics Corp., 360 Sierra 
Madre Villa, Pasadena, Calif. 


Circle 816 on postcard at end of book 


describes the company s line of stand- 
ird miniature pulse transformers and 
includes a page of application notes 
showing circuits and design formulae 
for interstage coupling applications 
and transistor block 
applications. Technitrol 
Engineering Co., 1952 Allegheny Ave., 
Philadelphia 34, Pa. 


Circle 817 ‘on postcard at end of book 


and vacuum-tube 
ing oscillator 


UHF ATTENUATORS AND 
TERMINATIONS 


Coaxial attenuators and terminations, 
2, 6 and 10-position turret-type step 
attenuators are 
Catalog AT-3 
tions, applications, illustrations, speci- 
fications and curves. Stoddart Aircraft 
Radio Co., Inc., 6644 Santa Monica 
Blvd., Hollywood 38, Calif. 


Circle 818 on postcard at end of book 


presented in 16-page 
with complete descrip- 


DELAY LINES 


Brochure 192, “Delay Lines—-Basic De- 
sign Considerations,” gives the design 
engineer information needed to calcu 
late circuit parameters and size of de- 
lay line which will meet his require- 
ments. Booklet also discusses design 


compromises aimed at reducing size o1 


INDUSTRIAL GEARS 


\ four-page brochure describes stock 
and special gears designed to meet all 
industrial power-drive requirements. 
Both 1414-deg and 20-deg pressure- 
angle style are included. Contains in- 
helical, miter. 
worm and spur gears plus steel racks. 
Ohio Gear Co., 1200 EF. 179 St., Cleve 
land 10, Ohio. 


Circle 820 on postcard at end of book 


formation on bevel, 


SLIP-RING ASSEMBLIES 

\ 28-page catalog, 66SR, describes a 
line of seven standard slip-ring assemb- 
lies with ring envelope diameters from 
| through 101% in. and custom assemb- 
control and 
radio frequency, 
switching and high-speed in- 
strumentation. Catalog includes speci- 
fications and drawings of standard as- 
semblies and photos and operating data 


lies for general-purpose 
power, high voltage, 


V ideo, 


on custom units. Breeze Corporation, 
Inc., 700 Liberty Ave., Union, N. J. 
Circle 821 on postcard at end of book 


LABORATORY EQUIPMENT 


Contained in illustrated, six-page Pub- 
lication 60 are detailed technical speci- 


expense. Marketing Dept., Cornell- 


Dubilier Electric Corp., 4144 Glencoe laboratory 
PULSE TRANSFORMERS Ave., Venice, Calif. range R-C 


Technical brochure PT-201, Circle 819 on postcard at end of book 


fications on variable electronic filters, 
power amplifiers, wide- 
oscillators and regulated 


four pages, power supplies. Krohn-Hite Corp., 580 


416-PAGE 


Pa Cee eS 
CATALOG #21 


Eis Rueh 2 ae ele) 


PRECISION INSTRUMENT PARTS 
TOP COSI Lia eat tata BS 


Available From STOCK! 


. Electrical Coil Windings 


WIRE SIZES +6 to +56 


For 43 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


¢ Pavilion Avenve Providence 5, Rhode tslead 
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With or Without 
Insulation — 
Small or Lar 

Screw Hole. br 
Standard, Extra 
Flexible Strand- 
ingand Solid Wire 


EASY TO APPLY « NO ao REQUIRED 


GEARS * SHAFTS* COLLARS * CLUTCHES + 
BEARINGS * COUPLINGS «DIFFERENTIALS 
¢ SPEED REDUCERS and many other Pre- 
cision Engineered Parts & Components. 


PIC DESIGN CORP. 


Subsidiary of BENRUS WATCH COMPANY, Inc. 


Send for 
your FREE 


today. 


KRUEGE 
477 Atlantic Ave., East Rockaway, L.I., N.Y ee E 
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Write for Bulletin 8-DF 





Circle 243 on Inquiry Card 





Model 961 Group Instruments 


Model 741 Group Instruments 


AMPERES 


bd. 


VOLTS 
A.C 


~(STON 


A-C 


if wy & QO Long scales (Model 961 Group: 3.17”... Model 


741 Group: 3.24” A-C and 3.52” D-C) 


ae) @ a) Qo Excellent natural illumination (self-contained 


lighting optional) 


TH ESE WESTON Q & 4} 9 High rated accuracies (Model 961 Group: 2% of 
full scale value ... Model 741 Group: 1%) 
RECTANGU LARS @ @ we 2) High sensitivities . . . low response times 
LEAD TH E Ey ELD ap Sy RS Qe Excellent torque-to-weight ratios 


Dielectric test — 5000 volts A-C 
The well-balanced design, fine appear- Sd 


: G incl A- i i 

ance and desirable features of these 9 0 PO EINES OS IE Oe ED 
Weston instruments reflect a 70-year & es D-C and rectifier type instruments have mag- 

ai ‘ . netic shunts for precise adjustment 
tradition of fine engineering and crafts- 
manship. If you’re not already well 

at s Bs . : sai These instruments are particularly suitable for a wiae variety of spe- 
acquainted with these notable models, cialty applications where other than cataloged accuracies are desirable. 
look over this check list — you'll not find 


better value anywhere. 


For full information, contact your 
local Weston representative . . . or write 


a 
to Weston Instruments Division, Day- i DAYSTROM , INCORPORATED 


: ; ated, Newark 12,N.J./ 
strom, Incorporated, Newar M2 in Ratton snavenuddes miniacen 
Canada: Daystrom Ltd., 840 Caledonia 


Rd., Toronto 19, Ont. Export: Day- Wedd Loader in measuromont aud control 


strom’s International Sales Division, 
100 Empire St., Newark 12, N. J. 
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2-POLE 

SHADED 
POLE 

MOTOR 


Model H 
1/550 H.P. 
to 
1/50 H.P. 


Designed andConstructed 
with Features That Insure 


EXTRA YEARS 
OF SERVICE 


When exceptionally long service is 
a must, you can rely on Gl’s new 
Model H, 2-pole, shaded-pole mo- 
tor. The Model H is constructed with 
many outstanding features that as- 
sure thousands of extra hours of 
service under the most adverse 
operating conditions. Available in 
nine models that cover a wide 
range of applications. 


DIE-CAST BEARING BRACKET... this new 
“H" Motor design includes a rugged die-cast bearing 
bracket that insures permanent precision alignment 
ond adds to the over-all durability. 


OIL CAPACITY MANY TIMES 
GREATER THAN 
CONVENTIONAL MOTORS 


Oversized oil bearing reservoirs hold 
considerably more oil and wicking as- 
suring more efficient lubrication over 
@ much longer period of time. 


Revolutionary Method 
of Packing the Oil Wicking 


A unique new method of packing the 
oil wicking assures equal oil distribu- 
tion at all times resulting in quieter 
operation and longer, trouble free life. 


Write today for catalog sheet and quantity-price quotations. 


eae aa 


pert. GL e 


ELYRIA, OHIO 
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Massachusetts Ave., Cambridge 39, 


Mass. 
Circle 822 on postcard at end of book 


BLOCKING OSCILLATORS 

Four-page catalog reviews character- 
istics of Type 21-B monostable, astable 
and counting blocking oscillators, all 
of which use RCA subminiature Nuvis- 
tor vacuum tubes. Mini-Rad, Inc., 
7416-E Varna Ave., No. Hollywood, 
Calif. 


Circle 823 on postcard at end of book 


ELECTRONIC CAPACITORS 
GET-3032, 28 pages, provides detailed 
information about standard commer- 
cial, MIL-C-25A, and paper-polyester- 
film capacitors used for such applica- 
tions as blocking and bypass service, 
power supply filters and other general- 
purpose applications. Publication con- 
tains graphs, tables, outline drawings, 
description and application informa- 
tion. General Electric Co., Schenectady 
oye 

Circle 824 on postcard at end of book 


MECHANICAL CLUTCHES 

Four basic series of general-purpose 
clutches for indexing, backstopping 
and over-running applications are de- 
scribed in a condensed catalog. Clutch 
series described covers range of sizes 
and torque capacities from 50 lb-in. to 
136,500 lb-ft. They range in size from 
0.250 in. bore diam to 12.000 in. Form- 
sprag Co., 23601 Hoover Road, War- 
ren, Mich. 


Circle 825 on postcard at end of book 


VOLTAGE REGULATOR 
Bulletin 3300 describes voltage regula- 
tor-exciter of tubeless magnetic-ampli- 
fier type for a-c generators or genera- 
tor exciters. Regulator is for general 
use on any 60-cps generator or exciter 
requiring full-load d-c field supply of 
from 10 to 25 amp at 130 volts or less. 
Fidelity Instrument Corp., 1000 E. 
Boundary Ave., York, Pa. 

Circle 826 on postcard at end of book 


SOLID-STATE POWER SUPPLIES 
Four-page Bulletin ST describes power 
supplies, includes specifications, mount- 
ing dimensions and special features. 
Outputs range from 0-18 to 0-100 volts. 
Mid-eastern Electronics, Inc., 32 Com- 
merce St., Springfield, N. J. 


Circle 827 on postcard at end of book 


ELECTRICAL CONTROL EQUIPMENT 
A 64-page brochure gives detailed in- 
formation and technical data on all 
types of automatic electrical control 
equipment. Four sections include elec- 
trically operated mechanically and 
electrically held transfer switches, 
double-throw contactors, electrically 
held clapper and solenoid contactors, 
reversing contactors, solenoids and re- 
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save time! save money! 


call your parts distributor for 


These important savings are yours when you order—from your Electronic Parts 
Distributor-—P&B relays listed with Underwriters’ Laboratories, Inc. and Canadian 


Standards Association: 


SAVE TIME. You get fast, off-the-shelf delivery. Usually your order 
is shipped the day after it is received. And no waiting for U/L or CSA clearance 
... this has been done for you. Thus you get your project—and your product— 


off to a fast start! 


SAVE MONEY. You save the cost of getting relays listed with U/L 


Type 


PRIAY 
PR3AY 


or CSA ...and you need have no big investment in shelf inventory, either. 


Remember, you pay no premium over factory prices in quantities to 249. 


More than 40 different standard P&B relays in 450 different coil voltages and con- 
tact arrangements are available from the leading Electronic Part Distributors in 
your area. For special applications, call your nearest P&B sales engineer. 


cq 
Ve 
a 


AB Series s | 


U/L File £29244 CSA File 15734 


. } 


For appliance and general purpose operations 
requiring long life and quiet operation. Quick 
connect terminals. Screw terminal adapters 
also furnished with each relay. Contact 
arrangement: DPDT. Rated at 10 amps, 115 V., 
5 amps, 230 AC non-inductive by U/L and CSA. 


oS, 
ABC Series oh 


XK. 
U/L File £29244 vee CSA File 15734 


Medium duty power relay in dust cover. For 
small motors, industrial controls and similar 
applications. Contact arrangement: DPDT. 
Rated at 10 omps, 115 V., 5 amps, 230 AC 
non-inductive by U/L and CSA. 


U/L File £29244 CSA File 15734 
Small, low cost, general purpose relay for 
handling automation work, small motors, sole- 
noids, other relays. Contact arrangements: 
SPDT, DPDT and 3PDT. Rated ot 5 amps, at 
115 V., AC non-inductive by U/L and CSA. 


These relays are available in any of the following 
voltages: 6, 12, 24, 115, 230 volts 50/60 cycles AC. 


Contacts are rated ot: 25 amps, 115/230 V. AC 1 phase. 
1 hp for 115/230 volt AC motors | phase. 


*Read: NO normally open, NC normally closed, DB double 
break, DM double make. 


U/L File £22575 


Series 


Contact 
Arrangement* 
SPOT 
DPST-NO 
DPOT 


erating 


Contact 
Arrangement* 
SPST-NO 
SPDT-NO-DM 


Type 


PRSAY 
PR7AY 
PRITAY 


CSA File 15734 


KB Series 


U/L File £29244 CSA File 15734 
Compact latch relay ideal for memory work 
and overload applications. Operates on 
momentary impulse to either coil. Contact 
arrangements: 4PDT ond 6PDT. Rated ot 5 
amps at 115 V., AC non-inductive by U/L 
and CSA. 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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This One = 


EVENT 
RECORDER 


Tw 


20 STOP WATCHES 


Each of the 20 pens, writing on a moving, 
time-calibrated chart can give you split- 
second, stop watch timing of individual 
events. 

In addition, the time relationships of the 
events are also recorded. With an E-A 
Event Recorder, you can have a permanent, 
indisputable record of such things as: 


@ Productive and idle time. 
@ Flow of materials. 
@ Position of gates and dampers. 


@ Time of failure in destruction 
tests. 


@ Sequence of switching as in 
—appliance control testing, 
—electrical substation monitoring, 
—missile firing. 


You save time and costs with these versa- 
tile recorders which “picture” both se- 
quence and duration of events—in produc- 
tion and processing ...in research...in 
plant safety. 


Send for Catalog Section 50 
for full information. 


The 


ESTERLINE-ANGUS 
Company 


No. 1 in fine Recording Instruments 


for more than 50 years 
DEPT. T, BOX 596, INDIANAPOLIS 6, INDIANA 
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lays, sequence alternators, pushbutton 
stations, ground detector relays, mul- 
tiple relay controls, multi-speed motor 
controls, program timers, time switches, 
irrigation time switches, interval timers, 
indexing interval timers, elapsed-time 
recorders, automatic-reset timers, mullti- 
circuit cycle timers, percentage timers 
and impulse timers. Copies available 
from Zenith Electric Co., 152 W. Wal- 
ton St.. Chicago 10, Il. 

Circle 828 on postcard at end of book 


MOLDED KNOBS AND HANDLES 
Specifications, dimension drawings, and 
illustrations of 49 stock designs are 
arranged, in 8-page catalog, in related 
groups to include ball knobs, oval and 
tapered knobs, tapered handles, push- 
pull and lid knobs, knurled and fluted 
handwheels and knobs, thumb screws 
and terminal nuts, pointer and instru- 
ment knobs, and miscellaneous knobs. 
Special materials and colors also cov- 
ered. Customer Service Dept., Dimco- 
Gray Co., 207 E. Sixth St., Dayton 2, 
Ohio. 

Circle 829 on postcard at end of book 


FORM G MOTORS 
GEA-6424A, a 12-page publication, dis- 
cusses benefits and general features of 
complete line of fractional-hp general- 
purpose motors. Capacitor-start, split- 
phase, permanent-split capacitor, shad- 
ed-pole and polyphase motors are in- 
cluded. Sixteen kinds of fhp motors 
ranging from motors for machine tools 
to room air-conditioners are shown in 
NEMA frame sizes 48 through 56. Gen- 
eral Electric Co., Schenectady 5, N. Y. 
Circle 830 on postcard at end of book 


RELAY MANUAL 


Manual lists 30 types of relays for 
communications, computers, industry 
and the military in 41 pages. Using 
photographs, line drawings, tables and 
descriptive material, the publication 
presents data on pile-up relay types, 
variations in spring arrangement, tim- 
ing, coil voltage, contact ratings and 
other classifications. Diaphlex Div.. 
Cook Electric Co., 2700 Southport Ave.. 
Chicago 14, Ill. 

Circle 831 on postcard at end of book 


LOW-LEVEL COMMUTATOR 


Bulletin of four pages describes Magne- 
Plexer model handling 96 channels at 
10,000 samples/sec without pre-ampli- 
fiers. Multiplexer uses miniature mag- 
netic amplifiers with r-f carrier. Com- 
mon mode rejection approaches in- 
finity due to floating inputs. Output. 
+ 5 volts; accuracy, 0.2 per cent. Bul- 
letin describes variable programming 
arrangement that allows different chan- 
nels to be sampled at different rates. 
Scanning may be reduced to zero speed 


WEST VIRGINIA 
PRESSBOARD INSULATION 


Higher Quality 
at Lower Cost 


These fine pressboards are replacing 
more costly types of insulation. They 
offer uniform quality and outstanding 
dielectric, physical and chemical proper- 
ties because they are made of 100% 
virgin kraft pulp produced in our own 
pulp mill. No metallic particles! Choice 
of thicknesses makes selection easy. 


PRESSITE: An unsized 
board for air, oil, and askarel trans- 
formers and for capacitors. Natural 
kraft color. .031’ to .250”. 


absorbent, 


ELECTRITE: A hard board with high 
tensile strength. All punchings are 
clean and smooth. Sized with natural 
rosin to resist moisture. Available in 


nee 


brown or black. .031’’ to .187 


DENSITE: An extremely hard board 
with great tensile strength. Sized for 
moisture resistance or unsized for ap- 
plications in oil. Natural kraft color. 
031” to .125’’. 


Ask for Underwriters’ Laboratories report 
#E3987. Write Board Products Sales, 
West Virginia Pulp and Paper Company, 
230 Park Avenue, New York 17, N.Y. 


West Virginia 
Pulp and Paper 
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New name for 
an old attitude 
at Allis-Chalmers 


/ 


r 
, 
; 


Ore 
me 
 . * saat 


a 
phen 
Be} 


*A unique form of empathy...the sensitivity to Male sclarenelate 
react to the problems of Original Equipment Manufacturers. 


Why do we have this attitude? Because we give what we’d like to receive. At Allis-Chalmers 
. .. O.E.M.pathy is a deep-rooted mental habit we never aim to change. In building com- 
ponent products for use in your products, we draw on our own experience as an OEM in 
many fields. We don’t have to put ourselves in your shoes . . . we’re already wearing a 
similar pair. This OEM frame of mind affects our basic approach in everything we do for 
you ... not in a superficial way . . . but from the basis of sound, well-chosen beliefs gained 
as OEM’s ourselves. It shows in the products we offer as components, in our service, our 
delivery, our ability to supply “specials” and to fit our performance to your needs. 
O.E.M.pathy directs our thinking, our attitudes, our actions. Industrial Equipment Division, 
Allis-Chalmers, Milwaukee 1, Wisconsin. a.1279 


PRODUCTS FOR YOUR PRODUCTS 
FROM ALLIS-CHALMERS 
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NEW PLASTIC DISCOVERY 


Slips on loose... Shrinks with heat 


SCOTCH JITE 


HEAT REACTIVE TUBING 


Now you can add a tough, smooth protective vinyl covering to 
handles, levers, tubes, wires, rods, even odd shapes with ‘“‘ScoTcH- 
Tite”’ Heat Reactive Tubing. Just slip ““ScotcHtite” Tubing over 
object to be covered—apply heat—and almost immediately the 
tubing contracts to form a skin-tight seamless wrapping. Tools, 
cables, coils, pipes, and flexible conduit are just a few of the many 
possible applications. “‘“ScotcuTite’’ Heat Reactive Tubing is 
available in sizes from 3/64 up to 514 inches in diameter. WHAT 
CAN YOU DO WITH “Scorcutite”’? Write for free sample and 
complete information to: Irvington Division, 3M Company, 
900 Bush Avenue, St. Paul 6, Minn., Dept. -BK-60. 


**SCOTCHTITE’* 1S A REGISTERED TRAOEMARK OF BM CO., ST PAUL 6, MINN 
EXPORT: 99 PARK AVE., NEW YORK 16. CANADA’ LONDON, ONTARIO 


Miiewesora [finns ano Mianvracturine company 
... WHERE RESEARCH 1S THE KEY TO TOMORROW 
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PLATING - BUR. 

i NISHED CADMIUM 


BRASS PLUG BOO’ = ER 
TN PLATE 10 20 mS! 


{CERAMIC — STEATITE = 


co wal iw 
> 


ju 32> Y% Oi STO Beass 


“* | ruse PRONG 


to lntave Saver PLATE 


SUPPLIED IN 18 2 CONTACT TYPES 


SHIELDED TYPE 


PLUGS & SOCKETS 


LOW LOSS PLUGS AND SOCKETS FOR 
HIGH FREQUENCY CONNECTIONS 


For quality construction throughout, and fine finish, 
e diagram above. 


101 Series furnished with 4%”, .290”, 5/16”, 3%”, or 
'.” ferrule for cable entrance. Knurled nut securely 
fastens unit together. Plugs have ceramic insulation; 
sockets bakelite. Assembly meets Navy specifications 

202 Series Phosphor bronze knife-switch type 
socket contacts engage both sides of flat plug con 
tacts—double contact area. Plugs and sockets have 
molded bakelite insulation. 

For full details and engineering data ask for Jones 
Catalog No. 22. 


JONES MEANS PROVEN QUALITY 


HowaRD B. JONES DIVISION 
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for manual selection of any channel. 
Cabinet size, 10% x 19 x 20 in. San 
Diego Scientific Corp., 3434 Midway 
Dr., San Diego 10, Calif. 
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Manufacturer’s 


| Publications 


AR NEI ESE OE ORE 


| PRINTED-CIRCUIT CONNECTORS 


A 36-page catalog section features 


| standard card receptacles, terminal 
| strips, contact strips, and miniature 
| coaxial connectors with design and en- 


gineering data on printed-circuit con- 
nectors for special applications. Avail- 


| able by making letterhead request to 


H. H. Bueeie Div., Burndy Corp.., 
Toledo 1, Ohio. 


_ ADHESIVES 


Industrial Manual provides information 
on physical characteristics and typical 
applications of industrial tapes, bulk 
adhesives, coatings and other pressure- 


| sensitive products. Manual  cross- 


indexes products by Armed Forces 
specification data, by tape type, by 
tape function and by industrial ap- 
plication. Copies may be obtained by 
writing to Mystik Adhesive Products, 


| Inc., 2635 No. Kildare Ave., Chicago 
| 39, Til. 


FEDERAL SCIENTIFIC AGENCIES 


The National Science Foundation is 
publishing a series of reports on the 
activities of various federal scientific 
agencies. Report NSF 59-58, “Scien- 
tific Information Activities of Federal 
Agencies, Nov. 1959, No. 3, Dept. of 
Commerce, Part I,” includes sections 
on the Patent Office and Office of Tech- 
nical Services. Copies are 15 cents 
from Superintendent of Documents, 
Government Printing Office, Washing- 
ten 25, 2. <. 


TRANSFORMER CATALOG 


Catalog of 36 pages lists over 750 
transformers for industrial, communi- 
cations, radio and TV _ applications. 
Electrical and physical specifications 


| are shown for all units listed. Among 


new transformers listed are high-cur- 
rent filament chokes and filament 
transformers with multiple secondar- 
ies, also transformers for transistor 
applications with frequency-response 
and impedance-characteristic curves 
listed. Output transformer chart for 
matching output tubes to transformers 
given. Make requests on company let- 
terhead to Chicago Standard Trans- 


| former Corp., 3501 Addison St., Chi- 


cago 18, TIl. 
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REED : ’ Angular es 
Instrument : : Contact Bearing : - 
Bearing : . 


Spherical Roller 
Thrust Bearing 


pered 
Roller Bearing 


~ 


Single Row 
Deep Groove 
Ball Bearing 


Spherical 
Roller Bearing 


What's a “special size” in production bearings? 


0S makes so many standard sizes, there's —for shaft diameters ranging from 1” to 9.5”. 
practically no such thing as a “special size” Every size, in both types, offers high radial 
of bearing. They range from tiny instrument capacity in relation to its size and operates at 
bearings right up to four-row tapered roller highest speeds because of its very low friction. 
bearings—and account for almost every pos- 


So, before you specify a “special size” bear- 
sible bore size in-between. 


ing, call the nearest S0SF sales office first. 

Take S's standard cylindrical roller The odds are better than 1,000 to 1 that 
bearing, for example. It’s promptly available there’s already a standard Sf bearing of 
in 154 sizes of single- and double-row types exactly the size you need. 


EVERY TYPE-CVERY Use 


okKF. 


GRP INOUSTRIES INC. PHILADELPHIA Ba. FA 
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New COMPONENTS and MATERIALS 


screened for design-in use 


1 staff compilation of the latest developments 
with all released specifica- 


in electrically operated end products complete 


tions and available application data, 


TUNNEL DIODES 


Germanium tunnel diodes types T101- 
T105, with peak currents ranging from 
0.8 to 15.0 ma, are available in sample 
quantities for engineering investiga- 


tion and application. Peak-to-valley 


current ratios on all types are in ex- 
cess of 5.0 to 1; typically 8.0 to 1. 
Typical peak-point voltage, 50 milli- 
volts; typical valley-point voltage, 250 
my. Operating and storage temperature 
range is —55 to +100 C. Dissipation 
rating is 100 mw at 25 C. Sperry Semi- 
conductor Div., Sperry Rand Corp., 
South Norwalk, Conn. 
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INDICATOR LAMP 


Electronic indicator lamp has a rated 
life of 3000 to 5000 hr. Included in the 
new product combination are a rede- 
signed short-base indicator lamp, plas- 
tic color lamp caps, multi-socket strips 
for panel mounting and single sockets. 
Flat-top end bulb construction permits 
relocation of filament, increasing end 
foot-candles. Multi-socket strips avail- 
able in 6-socket and 12-socket lengths 
with sockets mounted on 1-in. centers 


or %4-in. centers. Cost of combination 
of lamp, colored cap, and socket in 
quantity is said to be approximately 
1/10 the cost of competitive combina- 
tions. Color caps supplied in red, green, 
yellow or white molded nylon. Stand- 
ard sizes 4, 6, 10, 12, 16, 24, and 28 
volts. Current ratings 35 to 45 ma. End 
foot-caidles of illumination range from 
200 for 4-volt lamp to 1285 for 28-volt 
lamp. Sylvar ia Electric Products Inc., 
730 Third Ave., New York 17. 
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"VIBRATION PICKUP 


Vibration analysis at temperatures to 
200 F and in high humidities can be 
performed with Model 61C cerami 
vibration pickup. Within 0 and 180 
deg F, Rarium titanate varies between 
8000 and 12,000 picofarads. Low-fre- 


} 


CERAMIC 
VIBRATION 
PicKUP 


MODEL 6IC 


a 


quency response is dependent on 
terminal resistance employed. Internal 
impedance, 10,000 picofarads at 80 F: 
recommended load, 1 megohm. Furn- 
ished with pickup is 7-ft single-conduc- 
tor shielded cable, mounting bracket 
and 8-in. extension rod with ball-tip 
and point-tip for point-to-point tests. 
Shure Brothers, Inc., 222 Hartrey Ave., 
Evanston, Il. 
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CONNECTOR STRAIN RELIEF 


Compact mechanical connector collet 
provides a positive wire shield ground 
plus strain relief for multi-pin electrical 
connectors. Collet is designed for use 
with both solder and crimped termin- 
als. When used with crimped terminal, 
collet provides wholly mechanical con- 


gut 


nection that does not require soldering ; 
failures due to wire movement at con- 
nection points are eliminated. Initial 
connector collets are 4-, 19-, and 55- 
pin models. Technical Oil Tool Corp., 
1057 No. LaBrea Ave., Los Angeles. 
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MESA TRANSISTORS 


Diffused silicon n-p-n transistors are 
NS200, for switching applications in 
computer circuitry, and NS300, for 
high-frequency amplifications in video 
amplifiers, i-f strips and other appli- 
cations. Output capacitance of both 
NS200 and NS300 is 5 pf. Leakage 
current at 150 C is 3 wamp for NS200 
and 5 wamp for NS300. Guaranteed 
minimum gain-bandwidth product for 
both is 200 mec. Collector saturation 
resistance of NS200, 35 ohms; for 
NS300, 40 ohms. Beta fall-off from 1 
to 100 ma is less than 35 per cent of 
peak value. Packages are TO-18. Na- 
tional Semiconductor Corp., Danbury, 
Conn. 
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BASE CONTACT 
EMITTER CONTACT 


GOLD WIRE 


HEADER | \ 
| SUPPORT 
CON WAFER } POST 


GLASS INSULATOR 
(Continued on page 240) 
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er LIQUID TIGHT 


AGAINST pa JUNCTION BOX 


JIC blank box for 
special installations. 
May be drilled for 
custom installation of 
Uni-Seal hubs or 

STN connectors. 


Potent Penging 


Wi Safety engineered to JIC specifications, this new heavy gauge 
steel junction box gives positive protection from liquids, fumes, 
shavings, dirt and other foreign matter. Box body is of one-piece 
welded construction without holes. May be custom drilled. Special 
gasket seal for cover. Exceptional wiring room... outside dimen- 
sions: 44%” long, 2%” wide, 244” high. No sharp edges. Extra 
rigidity. Exclusive full width bridge for additional screw support- 
Next time you need a liquid-tight junction box . . . specify 
‘APPLETON JIC! 


Sold Through Franchised Distributors Only 


2 APPLETON ELECTRIC COMPANY 
0 


1701 Wellington Avenue ¢ Chicago 13, Illinois 


Also Manufacturers Of: 
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ROYAL 
“POWRIZED” 
ORDS in 
LASTIC 


Colorful, tough, easy-to-clean! That’s why 
PLASTIC cords make your power tools, 
appliances, or other electrical products 
look better, work better, and sell better! 
And that’s why your smart move is to 
ROYAL the company equipped to give 


you prompt service on all plastic cord 
needs, either with stock molds or special 
tooling. 


Royal has “off-the-shelf” molds for strain 
reliefs (dimensions customized to fit your 
product’s housing) . . . and 2-wire and 
3-wire caps and connectors for 125V and 
250V services. Moreover, when special 





attachments are needed, Royal design 
engineers help you capitalize on the ver- 
satility and economy of PLASTIC... 
with experimental molds, adequate sam- 
ple lots, and fast tooling for production 
runs. Attachments are molded to durable 
Royal Plastic or Rubber Cord, in colors 
that complement your product styling. 





For full details on ROYAL 
power supply cords, write 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 


tn California: 
Electric Cords & Supply Corp. 
413 East 3rd St., Los Angeles 13 
In Canada: 
Royal Electric Company (Quebec) Ltd., 
Pointe Claire, Quebec 





OVAL... 
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TERMINAL BLOCK 


T-1000 vertical-entry terminal block 
has rows of feed-through lugs added 
to the bottom of the block. T-1000 with 
bottom-mounted _feed-through lugs, 
along with T-1010 side-entry block, is 
designed for use with ground-support 
equipment. Constructed of molded- 





phenolic base with reinforced barriers 
between terminal cavities, one cavity 
accommodates four terminals. Up to 
40 connections can be made with one 
block. Size, 5 x 1 1/16 x %4 in. high. 
Twin Lock, Inc., 1024 W. Hillcrest 
Blvd., Inglewood, Calif. 
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PRECIOUS-METAL SHAPES 


Special, processed shapes in a variety 
of precious metals such as gold, plati- 
num and silver are offered. They can 
also be supplied in rare earth metals as 
well. Wire, rod, clad wire, sheet and 
other special shapes in any alloy in 
the non-ferrous field can be turnished 
vacuum-annealed and outgased. Alloys 
can be compounded to specifications if 
desired. Consolidated Reactive Metals. 
Inc., 115 Hoyt St., Mamaroneck, N. Y. 
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MICROMINIATURE 
RESISTORS 


Module resistors can be supplied on 
substrates to most three-dimensional 
configurations. Common forms include 
rods, plates and semicircular elements. 
Substrates may be of mica, glass, cer- 
amic or quartz. Single or multi-element 
metallic-film resistors can be deposited 
on single substrate. Power rating and 
resistance values are a function of ele- 
ment size and shape. There are no 
standard sizes of micro-miniature re- 
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sistors currently available; all units 
are designed and manufactured to cus- 
tomer specifications. Filmohm Corp., 
FRC Div., 48 W. 25 St., New York 10. 
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ELASTOMERIC GASKET 
MATERIAL 


Vistex III is a fiber-reinforced nitrile 
rubber gasket material made of syn- 
hetic fiber-reinforced TFE-fluorocarbon. 
Material has 100 per cent compression 
recovery, high tensile strength, and is 
resistant to oil and aromatic fuels. 
Gasket material available in sheet form. 
up to 30 x 60 in., and in standard 4. 
Vs, Ye, 2 and Ys in. thicknesses. 
Minimum tensile strength, 1000 psi. At 
300 F, it retains 620 psi tensile strength 
and at 430 F, loses 105 psi. Density, 84 
Ib/cu ft. Material can be precision cut 
or punched into gaskets, strips, or 
washers. American Felt Co., 2 Glen- 
ville Rd., Glenville, Conn. 
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THERMISTORS AND 
VARISTORS 


Complete line of FXC thermistors and 
varistors are designed to compensate 
for temperature and voltage. Thermis- 
tors (obtainable in resistance values 
from 150 ohms to 330,000 ohms at room 





temperature in miniature, bead, rod, 
vacuum and disk types) have a nega- 
tive temperature coefficient of resist- 
ance. Varistors, including rod and disk 
types, have a negative voltage coefficient 
of resistance that decreases as applied 
voltage increases (range of value is 
14 to 3 watts at 8 to 330 volts). Fer- 
roxcube Corp., 50 East Bridge St., 
Saugerties, N. Y. 

Circle 510 on postcard at end of book 


SOLID-STATE MODULAR 
POWER AMPLIFIERS 


Modular power amplifiers are intended 
for use in motor, generator, exciter, 
and alternator regulating systems, and 
the control of temperature, pressure, 
illumi.ation, torque, speed, etc., in elec- 
tronic systems. Included in line are: 
pure transistor Model SPAQ, self- 
saturating magnetic type SPAM, tran- 
sistor-driven magnetic type SPAQM, 
controlled-rectifier model SPAC, com- 
pensator (saturable transformer) type 


ELECTRICAL MANUFACTURING 
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what makes this fastener 


DIFFERENT“? 


“Wl denna ia i aali \ eadeeidles elem iaeemeieetiateeteete tens eens ane 


Several things. Rollpin® is a slotted, chamfered, 
cylindrical spring pin which drives easily into a 
hole drilled to normal production standards, It 
locks securely in place, yet can be drifted out and 
reused whenever necessary. This eliminates 
special machining, tapping, and the need for hole 
reaming or precision tolerances. Rollpin replaces 
taper pins, straight pins and set screws; for many 
applications it will serve as a rivet, dowel, 

hinge pin, cotter pin or stop pin. 


And here’s another difference that make Rollpin 
the quality fastener in the field; ESNA’s quality 
control builds consistent strength and 
performance into every Rollpin. Rollpin is 
uniform as to shear strength, dimensions, 
hardness, and insertion and removal forces. 


a 
ee ee 


HOW YOU INSERT IT 


Drives easily by hammer, arbor press, or air Locks securely in place without using a sec- Removes readily with a drift pin without dam- 
cylinder and can be readily adapted to an ondary locking device; won't loosen despite im- age to pin or hole, can be used again and 
automatic hopper feed. Requires only a stand- pact loading, stress reversals, or severe vibra- again in original hole. 

ard hole, drilled to normal production-line tol- tion. 

erances. 


HOW YOU SAVE 


You pay less for Rollpins than for most tapered, notched, 
grooved or dowel pins. Installation costs are substantially 
less than for any fastener requiring a precision fit or sec- 
ondary locking operations. 

Because of their tubular shape, Rollpins are lighter 
than solid pins. Production maintenance is reduced with 
Rollpins: they do not loosen and because of their spring 


action they tend to conform to the drilled hole in which ELASTIC STOP NUT 
they're inserted, without material hole wear, eliminating ; CORPORATION OF AMERICA 


the necessity of re-drilling or using oversize pins. 
Dept. R40-622, 2330 Vauxhall Road, Union, New Jersey 


Please send me the following free fastening information 


MATERIALS AND SIZES 


Rollpin Bulletin Here is a drawing of our product. 
Elastic Stop nut Bulletin What self-locking fastener would 


Standard Rollpins are made from carbon steel and Type 
ss you suggest? 


420 corrosion resistant steel. They’re also available in 
beryllium copper for applications requiring exceptional 
resistance to corrosive attack, good electrical, anti-mag- 
netic, and non-sparking properties. Stock sizes range from Street 

.062” to .500” in carbon and stainless steels. City oe ante 


Nome Title 
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SPAX. Output power ratings range 
from 50 watts to 5 kw per phase (3- 
phase ratings extend to 15 kw), with at 


@ @ least 20:1 output power control range. 
W Wek 0 ers | Response times range from 50 psec to 
8 cycles of power line. Both 60 cps 


| and 400 cps types included. Input 

| sensitivities vary from 0.75 to 36 watts 

W or for full control depending on type and 
power output. Regulators Inc., 455 


Main St., Wyckoff, N. J. 


Clinching Semi-Tubular Rivets il SF pc bs 


MINIATURE 


It is part of a widening service based upon industry’s _ DIGITAL READOUT 

recognition that an assembly held together Series 120000 rear-projection digital 

by semi-tubular rivets has great inherent strength and readout is designed for use with digital 

is usually lowest in production cost. computers, control equipment, and other 
electronic or electrical instruments. 
When one of twelve lamps at rear of 


The Chicago Rivet MOTORIZED 
AUTOMATIC RIVET SETTER 
produces a sharp, solid blow that 
immediately upsets the tubular 
section. This method is used 

on 95% of all applications 
involving metals or non-fragile 
materials. 


unit is lighted, lamp projects corre- 
sponding digit on condensing lens 
through projection lens onto viewing 
screen. Light source comes from either 
No. 327, 328, or 330 lamps. Voltage 
is from 6 to 28 volts. Size of character 
caine displayed is °% in. high. Industrial Elec- 
The Chicago Rivet AIRPOWERED tronic Engineers Ine., 5528 Vineland 
RIVETER produces a cushioned, : hon ‘No. Siollvwood: Xislif. 


shock-free clinch on a tubular 
cane nsingiassrran- ean ntiize Circle 512 on postcard at end of book 
rivet, permitting riveting of 


fragile and uneven materials. ~ - INTEGRAL-HP 


This method has greatly widened 


the use of semi-tubular rivets. , AC-DC MOTORS 


Motors are suited for applications in 

remote areas where either a-c or d-c 

supply may be encountered. Available 

in ratings through 71% hp in 1800 and 

1200 rpm_ speeds. Design involves 

Why not let Chicago Rivet Fasten- standard open ventilated motors pack- 

FOR YOUR FILES ing Engineers tell you which system aged with four silicon rectifiers in 
is best for you. No obligation. bridge circuit which does not require 


reconnecting for each type of current. 
MOTORIZED : . A S 
RIVET CATALOG sae iat ‘ sila = Disregarding voltage drop in recti- 
ne in a t . . # 
describes 1388 eee ee ney a fiers, 115 volts d-c passes through 
standard tubular & 
and split rivets and bridge circuit to motor terminals with- 
25 single and 
multiple motorized 
automatic rivet 
setters. 


ple and automated setters. 


AIR-POWERED 
Line includes automatic single, multi- 
ple and automated setters. 


AIR-PO WERED 

RIVETING catalog . wel 
contains description 

and specifications 


f 8 singl nd 
oullighe eaten & MACHINE CO. 
| iv r 
igniter 248 So. 25th Ave., Bellwood, Ill. 
cvutomated " 
see, (Chicago Suburb) Branch Factory: 
Tyrone, Pa. 
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Side ow \ ‘ation of secondary bus system, using round tubular copper bus conduc- 
tors, 2 ’S.P.S., in unuse d pli int tunnel, The run is approximé ately 275 feet long 


Round copper tube bus carries more amperes per 
pound of copper—cuts installation costs 


When a large eastern electrolytic refinery recently shifted to 
purchased electric power, it capitalized on the electrical and 
mechanical advantages of round tubular copper bus conduc- 
tors to effect some economies. 

Directly below the 10,000 kv-a outdoor substation was an 
unused coal conveyor tunnel that ran some 275 feet back to 
the former powerhouse. In this, the secondary bus system 
using 2.3-kv high-conductivity bus tube, 242" S.P.S., was 
installed as shown in the drawings 
These round conductors, having an extremely low skin- 
effect ratio (1.01) can carry well over ; 


pound of copper—compared with less than 275 amperes per 


300 amperes per 
pound for rectangular bus of the same cross-sectional area. 
In addition to this material saving, 
standard pipe sizes made possible installation savings through 
the use of stock-size supports, connectors, and other hardware. 
Substantial savings are often possible through the use of 


round conductors in 


a tubular bus with a low wall-thickness-to-diameter ratio 
More complete information on tubular conductors is avi uil- 
able in the Sixth Edition of The American Brass Company's 
Publication C-25. This 62-page booklet has a wealth of gen- 
eral information on the properties of copper conductors—plus 
convenient data for the most commonly used sizes of all types 
of rigid bus conductors. 

TECHNICAL SERVICES. Anaconda spec ialists are available to help 
you in the solution of technical problems involving the use of 
Anaconda Bus Conductors. For such service, or for a- copy of 
Publication C-25, see your nearby Anaconda representative. 
Or write: The Waterbury 20, 
Connecticut. In Canada 
New Toronto, Ontario 


Americ an Brass C ompany, 
Anaconda 


American Brass, Ltd., 


End elevation of tunnel showing how bus conductors are mounted 
on either wall, covered by a simple expanded metal enclosure. 


ANACONDA® 


COPPER CONDUCTORS 


Made by The American Brass Company 


THERE'S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 


WIRE & ROD a ae 
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out change, regardless of polarity. 
When a-c is used, bridge circuit pro- 
vides full-wave rectification and 115 
volts a-c input would drop to 103 volts 


Tae IDOLE 
the Least Expensive 


sharp, clear, 
easy to read 


Rubicon D.C. 
spotlight 


galvanometers 


Now in a smartly designed 
new case... the galvanometer 
that’s become the standard in 
research and production test- 
ing applications. It is excep- 
tionally sensitive and stable, 
and built to withstand the 
rigors of day-to-day service in 
the laboratory and on the pro- 
duction line. 


® Sharp, parallax-free, hair- 
line index. 

® Ground glass scale with 
sharp, clearly defined divisions. 
@ Dual 120mm. scale, sub- 
divided 0-120 and 60-0-60. 
Simple lever moves index to 
either zero position. 

® Final adjustment made with 
knurled thumb screw, spring- 
loaded to eliminate backlash 


@ Can be used for both deflec 
tion and null measurements. 


There’s a complete line of 
Rubicon D.C. spotlight gal- 
vanometers. For complete de- 
tails, contact your nearby 
Honeywell Branch Office, or 
write to MINNEAPOLIS- 
HONEYWELL, Rubicon Instru- 
ments, Philadelphia 32, Pa. 


at motor terminals. When known, load 
requirements can be matched with 
horsepower output; constant speed 
characteristics, for example, require 
shunt-wound motor equipped with over- 
size rectifiers. Industrial Motor Div.. 
Robbins and Myers. Inc., Springfield. 
Ohio. 
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CARBON-FILM RESISTORS 


Resistors are designed to meet require- 
ments of MIL-R-10509C, characteristic 
B. Dry air space between epoxy tube 
and resistive element prevents moisture, 


which might be absorbed during ex- 
tended storage periods under high hu- 
midity conditions, from being trans- 
mitted to carbon film. Available in MIL 
styles RN60, 65, 70, 75 and 80. Mepco, 
Inc., Morristown, N. J. 
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CHARACTER GENERATORS 


Series 2000 Alphadyne Generator sup- 
plies all 10 digits, 9 letters and 3 sym- 
bols. Solid-state unit is approximately 
6 x 6 x 6 in. and consumes less than 
5 watts. Characters can be written as 
fast as 40,000 per sec. 

Series 3000 Character Generator pro- 
vides all 10 digits, all 26 letters and 4 
symbols. Series is approximately 6 x 6 
x 8 in. and consumes less than 5 watts. 
Characters can be written as fast as 
17,000 per sec. Generator writes num- 
bers, letters and symbols on any cath- 
ode-ray tube display. Characters are 
written with continuous line and may 
he displayed any size. Multiple remote 


(Continued on page 247) 








VARIAN 
Temperature 


RECORDERS 


Most versatile and useful 


because... 
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6. THEY'RE PORTABLE AND 


MULTI-RANGE 


Nine plug-in elements adapt 
this G-11A thermocouple re- 
corder to any range —cold as 
liquid nitrogen, hot as 2200°F, 
or as specific as 30° to 220°F. 
Being portable, it goes wher- 
ever there’s temperature to 
measure — research in the lab, 
checkout in the factory, or 
troubleshooting in the field. 


The temperature recorder is a 
Varian G-11A with T-2 input chassis 
which has automatic reference junc 
tion compensation and plug-in 
range elements as shown. Other 
input chassis convert the recorder 
to general use. Fahrenheit or Centi 
grade charts available. For full 
details, write Instrument Division. 


er a. 


oimce 1008 aia cs associates 


PALO ALTO 23, CALIFORNIA 
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Complete Cords for All Electrical Equipment 


Appliances Yard and Garden Tools Power Supply Cords Range and Dryer Cords 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


One Wire Source for Everything The Belden plug stays in the outlet 
Electrical and Electronic GRIP PRONGS*—give dependable service on all electrical 
equipment. Available on the better complete cords only. 


The Belden design of the 3-leaf Phosphor bronze con- GRIP PRONGS* 
; ; ; PI tays in—good Expand and actuall 
tacts used in heater appliance plugs provides the best pte By deh grip cides of sic. 
and longest lasting electrical and mechanical connec- outlets 
tions available. 
i “ Maintains best possible iti 

Belden cords are manufactured to UL specifications 2 slectrical conection a, 

contacts. 


and bear the UL flag label with the SECC emblem. > ae 
3 Preventsdamagetothe — iq damage. 
electrical contacts in 
BELDEN MANUFACTURING COMPANY receptacle. 
Chicago 80, Illinois 
Magnet Wire *« Lead Wire « Power Supply Cords « Cord Sets « Portable Cordage « Electronic Wire . 


17-1-9 Automotive Replacement Wire and Cable « Aircraft Wire « Electrical Household Replacement Cords 
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The relay that doesn’t know how to fail! 


We got tired of waiting for this General 
Electric Miniature sealed relay to stop. 
It just kept switching ... and switching 

. and switching ... through more than 
750 million no-load operations before 
we finally gave up and took it off test. 

Frankly, we just don’t have the time 
or patience to find out what its actual 
mechanical life really is. We’re too busy 
building highly reliable relays for com- 
puter, machine tool, instruments, and 
other industrial electronics jobs. 


But, this doesn’t mean we're “asleep 
at the switch” and don’t know why the 
G-E Miniature relay performs so re- 
markably. It all stems from a superior 
E-frame magnet making possible larger 
gaps and more overtravel . . . a molded 
stack for mechanical rigidity .. . Beryl- 
lium copper contact springs assuring 
long spring life . . . and, a knife-edge 
pivot which eliminates pivot wear. 

Now don't get the idea that this re- 


liable performance is confined to a me- 
chanical-life test. To the contrary, this 
rugged relay is pre-conditioned to a life 
of “hard knocks.” Built-in shock and vi- 
bration resistance (ranging to 50G’s 
shock, and 10G’s vibration at 5-500 
cps) mean that the G-E Miniature can 
cope with just about any industrial 
demand. And, under typical conditions, 
a G-E Miniature relay will switch the 
coil of a similar relay through at least a 
hundred million operations. It can switch 
size “0” or “00” contactor coils more 
than 40 million times! 


What’s more, a General Electric in- 
dustrial Miniature requires less than 
one watt of power—a significant bene- 
fit when a number of relays are in the 
circuit. And, operating times as short 
as 10 milliseconds are possible, accom- 
panied by a sustained repetition rate 
of 2000 operations per minute! 


Add to all of this the fact that a G-E 
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Miniature’s small size saves valuable 
panel space ... that it’s not position- 
sensitive and can mount in any plane 
. .. that wiring is convenient ... that 
the clearance and creepages on the 
header and socket meet NEMA require- 
ments ... and you know why the G-E 
Miniature sealed relay will out-perform 
any other type of relay in many indus- 
trial electronic applications. 

Why not see your G-E Apparatus 
Sales Engineer today? He has all the 
details on the seven forms of General 
Electric Miniature sealed relays—each 
in a wide variety of terminations—for 
virtually every industrial switching need. 
Or, if you prefer, mail the coupon at 
right. General Electric Co., Specialty 
Control Dept., Waynesboro, Virginia. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


ELECTRICAL MANUFACTURING 





Unique construction features oir shored basis, Skiatron Electron. 
give G-E Miniature relays = <° 4 Jokes Gree 180 Varick 
unmatched reliability in 

industrial electronics jobs 
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HIGH-TEMPERATURE 
PRECISION CAPACITORS 


Film capacitors have a _ capacitance 
change less than 1 per cent for tem- 
perature range from —55 to +125 C. 
From +25 to +125 C, change is less 
than +0.3 per cent and 0 +30 ppm/- 
deg C temperature coefficient. Insula- 


LONGER MECHANICAL LIFE of G-E in- 
dustrial relays is due—in part—to 
G.E.’s exclusive use of molded contact 
stacks which won’t loosen or shift to 
the degradation of relay performance. 


et cea 


SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 


wai 


DEPENDABLE PERFORMANCE is contrib- 
uted by the powerful G-E E-frame 
magnet—another exclusive design pro- 
viding higher contact pressures, larger 
contact gaps, more contact overtravel. 


GREATER STABILITY of G-E relays is 
a result of G.E.’s unique support de- 
sign with the relay actually supported 
by its can. Other relays use a canti- 
lever support from the base only. 


General Electric Company 


Section D792-15 
Schenectady, New York 


Please send me a free copy of 
Bulletin GEA-6665A, Sealed Re- 
lays for Industrial Application. 


tion resistance, greater than 10! ohms; 
dielectric absorption (44 volts for 30 
sec), 0.0003; dissipation factor, 


| 0.0003. Standard tolerance, 2 per cent 


with 0.1 per cent available. Enclosures 
are tubular and bathtub. Component 
Research Co., Inc., 3019 S. Orange Dr., 
Los Angeles 16, Calif. 
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PRINTED-CIRCUIT MOTOR 


Electric motor for servo and instrument 
use employs a flat, printed circuit in- 
stead of the conventional wire-wound 
armature. Light weight of rotating por- 
tion permits rapid acceleration of motor 


| to full speed. Smooth torque at low 


speeds allows printed motors to be used 
for direct drive in servo applications 
without gear trains. Armature induct- 
ance is on the order of a few micro- 
henries. Two sizes are in production: 
Model PMI-PM368, 414 diam and 244 
in. long; and Model PMI-PM488, 55% 


diam and 3 in. long. Photocircuits 


ie 
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TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


we gre tee: 
oe «i Dae Ee at 


Corp., 31 Sea Cliff Ave., Glen Cove, 
N. Y. 


Name _ 


OR 
Address Circle 517 on postcard at end of book 
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DYNACORF 
RIGHT-ANGLE RATIO DRIVES 


Worm- and bevel-gear right-angle ratio DYNACOR, INC. 


drives are provided with dual output | 


stainless steel shafts. Completely | A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 


housed gear trains are permanently | 098 wesTMORE AVENUE © ROCKVILLE, MARYLAND 


es 


State 


GENERAL GB ELECTRIC 


er 


Circle 262 on Inquiry Card 247 





THE CALCULATOR 
THAT EXTRACTS 
SQUARE ROOT 
AUTOMATICALLY! | 


. 
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Meet Friden’s SRW —the Thinking Machine 
of American Business. It’s a complete desk 
calculator in every way. But it also extracts 
square root automatically at the touch of a 


—a single key. And it’s the only calculator that can! 
1. On the keyboard, enter the 


figure frome which the root is If you now waste valuable productive time 
to be taken. 


extracting square root by old-fashioned 
methods, put in an SRW and watch it pay 





for itself. Call your Friden Man or write to 

Friden, Inc., San Leandro, California. 

THIS IS PRACTIMATION: 
2. Touch the square rootkey | Automation so hand-in-hand with practicali 
nate Spee of and with practicality 
radicand’ Sededed point. there can be no other word for it. 


y +e © 1960 FRIDEN, INC. 
ikea 


3. Automatically, the square 
root will appear in the dials. FRIDEN, INC., SALES. INSTRUCTION, SERVICE 
Time required: just seconds. THROUGHOUT THE U.S. AND THE WORLD 
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pinned and mounted. Series RAWG 
identifies worm-gear drives, which are 
available in ratios of 5:1. 10:1 and 
20:1. These are useful for handling 
spring or gravity-loaded components 
since output shafts automatically lock 
in any desired position. Drives desig- 
nated RABG are produced with bevel 
gears and provide driving ratios of 
1:1, 2:1 and 3:1. Jan Hardware Mfg. 
Co., Inc., 38-01 Queens Blvd., Long 
Island City 1, N. Y. 
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COMPONENT OVENS 


Specifications for ovens may be as tight 
as +1 deg C over 120 C ambient change, 
0.2 deg C differential with thermostat 
control. Warmup is 5 to 15 min. Pro- 
portional control ovens with thermistor 
sensing elements also available when 
closer temperature control is necessary. 
Sizes of component cavity may vary 
from ¥% cu in. to 8 cu in. Waltham 
Electronics Corp., Component Oven 
Dept., 751 Main St., Waltham, Mass. 
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MERCURY PLUNGER RELAY 


Model 100 is a 100-ampere, 115-volt 
a-c relay capable of handling a full 12- 
kw tungsten-lamp load. Relay features 
mercury-to-mercury contacts hermeti- 
cally sealed. An inert gas atmosphere 
quenches arcs. Suited for use in motor 
control, lighting control, heater power 
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Accurate, Consistent Performance 


Thermostat 


Metal 


Parts 


Meets General Electric’s 
High Material Performance Requirements 


The new General Electric ‘Twin’’* 
Circuit Breaker for household applica- 
tions combines two rugged breakers into 
a single one-inch case to allow up to twice 
as many circuits per load center. Because 
quality and dependability are a must, 
General Electric Circuit Protective De- 
vices Department used TRUFLEX Ther- 
mostat Metal parts in their Type TR 
“*Twin’’* Circuit Breakers. 


TRUFLEX is available in cut strips or long-length coils to meet your 
needs, or can be furnished in formed elements or completed assemblies 
fabricated to the most exacting parts’ specifications. Either way you get 
accurate, consistent performance with TRUFLEX because every repeat 
order is an exact duplicate of the original — dependably uniform in 
activity, temperature range, electrical and corrosion resistance. 


General Plate Products: Clad Metals + ElectricalContacts e 


JUNE 1960 


To new or regular users of thermostat 
metal, Metals & Controls has much to 
offer — over 60 types of TRUFLEX Ther- 
mostat Metal (resistivity from 15 to 850 
ohms per c.m.f.) — complete technical 
literature on TRUFLEX — help with 
parts design — calibrated samples. Our 
competent field engineers will gladly 
call at your request. No obligation. 
Write today. 


A few typical TRUFLEX formed elements fabricated for 
many Metals & Controls’ customers. 


*“Twin” Registered Trademark General Electric Company 


“~ TEXAS INSTRUMENTS 


INCORPORATED 


METALS & CONTROLS DIVISION 
® 1906 FOREST STREET ° ATTLEBORO. MASS. 
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Truflex@® —Thermostat Meta! + Gold, Silver, Platinum and other Precious Metal Products 
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KESTER 


The highest standards of manu- 
facture and use of virgin metals 
exclusively have contributed to the 
virtually single-minded insistence 


SOLDER 


by industry on KESTER SOLDER. This 
acceptance has been carefully built 
up over the last 60 years, It’s a 
responsibility we don’t take lightly. 


WRITE today for complete 78-page Kester technical manual 
“SOLDER .. . Its Fundamentals and Usage.” 


KESTER SOLDER COMPANY 


4209 Wrightwood Ave., Chicago 39, Ill. ¢ Newark 5, N. J. © Anaheim, Calif. ¢ Brontford, Canada 
OVER 60 YEARS’ EXPERIENCE IN SOLDER AND FLUX MANUFACTURING 
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COPYRIGHT 1960, A. O. SMITH CORP, 
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Through research ¢ a better way 
AOSmith 


ELECTRIC MOTORS 
Tipp City, Ohio 


A. 0. SMITH INTERNATIONAL, S.A. 
Milwaukee 1, Wisconsin, U.S.A. 


S®@#eese eae & 
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800 to 1 hp favorites 
for quiet operation, 
low maintenance and 
long-life service... 


y 


From the case of the 

A. O. Smith Motor Man ~—a 
complete stable of integrals 

that include single-phase 

models (1-5 hp) or polyphase 
(1-800 hp). Also a team of 
fractional-hp motors. All are sure 
bets to give top performance 
over the long, long haul. 

And there’s an A. O. Smith Motor 
Man near you — chomping at 

the bit to give you 24-hour action 
on all parts and service orders. 
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and furnace control. Ebert Electronics 
Corp., 212-26 Jamaica Ave., Queens 
Village. N.Y. 
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POSITION-SENSITIVE 
TRANSDUCER 


Highly accurate position-sensitive trans- 
ducer is designed for detection of static 
or dynamic mechanical displacement. 
DP-33 pickoff incorporates 
linear variable differential transformer 
as basic sensing element, and features 
high stepless output, external zero ad- 


position 


justment, and infinite resolution. Suit- 
able for measurement of beam deflec- 
tion, thickness, strain and elongation, 
surface quality of materials in mo- 
tion, and thermal expansion of metals. 
Linearity, 1 per cent of full scale. 
Weight, 2 0z; size, less than 2 cu in. 
Position pickoff temperature range, —65 
to +220 F, with special units for en- 
vironments up to +500 F. Output volt- 
age for nominal 6.3-volt input ranges 
from 0.250 at 60 cps to 1.6 at 20,000 
cps. Schaevitz Engineering, Box 505, 
Camden, N. J. 
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CHASSIS-MOUNTING 
POWER SUPPLY 


Model 860 regulated transistor power 
supply is adjustable from 0 to 36 volts 
at any output current from 0 to 500 
ma. Octal plug is used for all input and 
output connections to supply, includ- 
ing remote programming (333 ohms 
volt) and remote sensing. Regulation, 
better than 3 mv; ripple, less than 
500 microvolts for any combination of 
line or load. No voltage overshoot can 
occur at turn-on or turn-off and supply 
is fully protected for overload condi- 


tions including direct short across 
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the new SL-2... 
a standard 


limit switch 
with 
unlimited 
Neral 
flexibility 


Tailor limit switch performance to your specific job with 
NAMCO’S standard SL-2. This ‘machine life’’ limit 
switch features a standard cam blank which can be cut 
into a wide variety of configurations to meet any applica- 
tion. These interchangeable cams provide positive control 
of contact sequence; let you match switch operation to 
your specific job. Ruggedly built, oil-tight and moisture- 
proof, the SL-2 provides dependable, accurate per- 
formance that meets your most precise requirements. 


JUNE 1900 


Now available for low-current, high-shock, 
excessive-vibration applications...the SLS-2... 
with full-wiping, self-cleaning sliding contacts that insure 
“everytime” operation under conditions that spell 
machine downtime for other limit switches. 

Get all the details on how the NAMCO SL-2 line 
eliminates limit switching problems for good. Write for 
Bulletin EC-SL260, or contact one of our representatives. 
You'll find them in all principal cities. 


THE NATIONAL 
ACME COMPANY 
176 E. 131st STREET 
CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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ae output (no fuse employed). Harrison 
a Laboratories, Inc., 45 Industrial Rd., 
Berkley Heights, N. J. 
a & i 
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CONNECTOR CAP AND BODY 


Three-wire cord grip cap 7311 and cord 
works better | grip connector body 7313 have been 


announced, Connector body has large 
binding head screws and ample wire- 


for you in Durakool Contactors 


Timer Relays-Switches 


All-Steel bodies with welded seals are rugged. 


ways. Armored section of body and 
Hypressure Hydrogen Gas, permanently sealed | cord grips has corrosion-resistant fin- 
ish. Rated 20 amp, 250 volts a-c or 
| d-c and 10 amp, 600 volts a-c. Turnlok 
contact resistance. They just keep working. wiring devices can be disconnected by 
slight turn of cap and are available 
in two-, three- and four-wire types in 
CONTACTORS both 10- and 30-amp ratings. Pass and 

Seymour, Inc., Syracuse 9, N. Y. 
Designed to handle heavy inrush currents. Circle 523 on postcard at end of book 


inside, quenches arc, dissipates heat, insures low 


Silence is wonderful for studios and theaters. 


| HIGH-VOLTAGE PENTODES 
Models 7234, 6842 and 7683 miniature 


| pentodes cover a voltage range of from 
1, 2 and 3 pole combinations. 300 volts to 10 kv and have transcon- 
| ductances as high as 5000 pmbhos. 

Pentode series is suited for critical 


TIMER RELAYS television, oscilloscope and regulator 


i 5 | circuits owing to low interelectrode 
Durakool engineered metering system designed | capacities and high gain and high volt- 


to be tamper-proof and dependable. Single | age ratings. Pentodes may be used 
with manufacturer’s Corotron regulator 
| tubes for high-current, high-voltage 


Enclosed contacts safest for explosive atmos- 


pheres. Up to 100 ampere continuous capacities. 


moving part assures trouble-free operation. 


= 1, 2 and 3 pole combinations. 
01 

Energized 
Coil 


De-energized SWITCHES 


Work in any position around diameter. 1 
ampere sizes are mercury to metal design, 
over 1 ampere are mercury to mercury. Avail- 
able uninsulated or insulated in any of a 


variety of materials. 


Elkhart, Indiana, Durakool, Inc., 1018 N. Main St. 
Write for Chicago, Illinois, Durakool, Inc., Rm. 528, 333 N. Michigan Ave. 
Bulletin No. D-73 Minneapolis, Minnesota, Durakool, Inc., 301 5th Avenue, South 
eee Hatboro, Pennsylvania, Raymond H. Barnes, 422 Tanner Rd 
sie - seein Los Angeles 28, Calif., R. Meussdorffer & Asso., Suite 1, 3491 Cahuenga Blvd 
ae, Montreal, Que., Canada, Measurement Engineering Ltd., P. 0: Box 1352, Sta. 0. 
Newtonville, N. Y., Walter F. Haines, Apple Tree Lane 
New York 70, N. Y., Durakool of New York, 4747 Bronx Blvd. 
San Francisco 3, Calif., Fisher Switches, Inc., 40 Gough St. 
Toronto 12, Ont., Canada, Measurement Engineering Ltd., 1969 Avenue Rd. 
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You get an extra measure of design freedom with 
..» POWDERED PERMALLOY FILTOROID® CORES* 


The high permeability and low core loss of pow- 
dered permalloy Filtoroid cores can remove design 
roadblocks for you. You can build extra frequency 
stability into filter networks with these cores. 
Their permeability remains stable with changes in 
time and flux levels. Distortion factors are held to 
a bare minimum. Temperature coefficient of in- 
ductance is tightly controlled. 

There’s extra design flexibility for you, too, in 


the broad range of Filtoroid cores available. 
They’re made in three standard permeabilities— 
150, 125 and 60—in sizes up to 1.570” O.D., all 
carried in stock for immediate shipment. 


Our engineers are ready right now to help you 
select the proper Filtoroid core for your filter 
circuits. Write or call for a discussion of your 
needs, or send for Bulletin G-1. 


*MADE UNDER A LICENSE AGREEMENT WITH WESTERN ELECTE 


transformer laminations + motor laminations * tape-wound cores 
powdered molybdenum permalloy cores + electromagnetic shields 


MAGNETIC METALS COMPANY * Hayes Avenue at 21st Street, Camden 1, N. J. 
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a 
COMMUTATORS 


MINJATURES 


5/16" in diameter 


and sizes 
& 104%" 


Nippert high-precision com- 
mutators are designed for 
your specific requirements... 
and manufactured in any 
quantity with mass-produc- 
tion economies. Our exclusive 
techniques, custom machines 
and engineering service offer 
many other advantages. N-4® 
alloy (Zr-Cu) for high-tem- 
perature applications. Send 
prints for estimates. 


® N-4 is the registered trademark of 
The Nippert Electric Products Co. 


SLIP RINGS 


Built for top 
“tienes 
and lasting 
ET Rey 


DRAWN COPPER 
SHAPES 


Materials to 
match your 
specifications 
for electrical, 
thermal or 
structural ap- 
plications 


Write jor Brochure 


a. a i Z I 
a: 4 
ELECTRIC PRODUCTS CO 


W Mound St ® BRoadway 4-111¢é 
Columbus 23, Ohi 
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regulators. Victoreen Instrument Co., 
5806 Hough Ave., Cleveland 3, Ohio. 
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HERMETICALLY SEALED 
PRECISION SWITCH 


AT1-1 switch weighs less than 1, 28 oz. 
Snap-action switch envelope dimensions 
are 0.320 in. diam by 0.440 in. long. 
Terminals are brought out through a 
fused glass seal. Casing is stainless 


7 


¥ 


; 


steel. Switch is hiled with dry, inert 


gas. Current capacity. 3 amp, 28 volts 
d-c, resistive: ambient range, 65 to 
1975 F: contact arrangement, SPDT; 
10.000 cycle life. min; resists 40 g 
vibration and 100 g shock; overtravel. 
0.003 in., min; movement differential, 
approx 0.002 in.; pretravel, 0.005 in. 
Actuating force, 12 +8 oz; release 
force 1 oz, min. Spencer Products 
Group, Texas Instruments Inc., Metals 
and Controls Div., 34 Forrest St., Attle- 
boro, Mass. 
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VARIABLE-SPEED 
MOTOR DRIVE 


Model ACA drive unit provides a con 
tinuously variable spindle speed from 
0 to 4000 rpm. Contains no_ tubes. 
Dynamic braking is included. Reversing 
switch and separate switch for control- 
ling coolant pump are mounted on con- 
trol unit. Starting and stopping is by 
foot-operated switch which also oper- 
ates coolant pump when used. For oper- 
ation on 110 volts, 60 cps, 1 phase. 


(Continued on page 256) 
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ECONOMICAL PROTECTIVE 
COATINGS FOR BRASS, 
ZINC, CADMIUM, COPPER, 
NRO INL 


The Chemical Corporation 
offers a complete line of 
uniform-controlled chromate 
conversion coatings that pro- 
vide maximum protection in 
one, low-cost, simple opera- 
tion. Available for immediate 
delivery as liquid or powder. 
Always Specify*Luster-on — 


FOR BRILLIANT CORROSION- 
RESISTANT FINISHES... 


rivaling chrome for many appli- 
cations where cost is a factor. 
Long-lasting, easily controlled 
application. 


FOR CLEAR, BRIGHT and 
IRIDESCENT COATINGS... 


gives striking, attractive appear- 
ance with complete corrosion- 
protection ...even when humidity 
and handling are involved during 
processing. Also yellow iridescent 
and olive drab for concealed parts 
or as a paint bond. 


FOR DECORATIVE COLOR... 


on low-cost zinc. Brilliant golds, 
yellows, blues, greens, violets, 
reds, brass and copper hues. 


FOR ALUMINUM... 

where surface hardness is not of 
prime importance. Excellent fin- 
ish for paint bonding. 


FOR LASTING BRIGHTNESS... 


on both copper and brass without 
noxious fuming. 


FOR DIE-CASTINGS... 


one quick dip provides uniform 
finish, ideal as a base for painting. 


We'd like to show you what 
Luster-on can offer you! Send in 
sample part today for free proc- 
essing. Data sheets on request. 


Luster-on ... the first and still 
the finest in conversion coatings. 


RCE NOE UI CT 
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OFFICE 
Within the next decade, Al Ww 


in value the total U.S. MOVING 
building investment since FORECAST 


1925! This means as FOR 


1970 


new construction will equal 


many new ventilating, 
heating and air con- 
ditioning units as the air 
moving industry has 
produced in 35 years 
—and as many prob- 
lems. There is no better 
time than now to point 

out that Torrington’s capa- 
bilities 11 the technology 
of moving air—and in 

the prcduction of air moving 
components—are rated 


as the finest in the world. 


THE TORRINGTON MANUFACTURING COMPANY 


AIR MOVING DIVISIONS Torrington, Connecticut; Van Nuys, California; Rochester, Indiana; Oakville, Ontario 
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now available from G-L... 


HIGH PERMEABILITY 


nickel alloy 


Magnetic 
Laminations 


plus the QUALITY, 
UNIFORMITY and SERVICE 
that have made 
G-L TAPE WOUND CORES 
a standard in the industry 


High permeability magnetic laminations, 
made to the most exacting standards 
in the industry, can now be obtained 
from G-L. 


Transformer Laminations have the su- 
perior characteristics and uniformity-of- 
product associated with G-L magnetic tape 
wound cores. Controlled production tech- 
niques, careful selection of material, expert 
tooling and precision stamping assure you 
of the highest quality. 


Magnetic Head Laminations are the 
result of improvements made by G-L on 
normal processing techniques to provide 
laminations with minimum burrs, improved 
stacking factors, reduced head dimensions. 


Special Shapes are available from G-L 
for special applications. Our owntool and die 
shop is set up to do rapid prototype work. 


Your inquiries are invited. Write, wire or 
call. Send us prints on your current require- 
ments for an immediate quotation. Our 
illustrated magnetic laminations folder, 
TB-104, will be mailed upon request. 


western s 


Phone WOodlawn 6-2780 
Teletype TWX 761, Camden, New Jersey 


mms 
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Contains full overload protection. The 
l4-hp double-ended motor is mounted 
on base provided with adjustment for 
belt tension. Louis Levin and Son, Inc., 
3610 So. Broadway, Los Angeles 7, 
Calif. 
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UNIVERSAL-LUG 
TERMINAL STRIPS 


The 0.205 in. width of the universal 
lug on the illustrated terminal strip 
serves as a male for the junior-size. 
quick-disconnect female terminal. The 
inside slot is provided for tie-point 


We 


& we 
+ kk 
terminations. Side notches on each lug 
are provided for wrap-solder termina- 
tions. Thus, a single type of terminal 
strip is compatible with various meth- 
ods of termination. Mandex Mfg. Co., 
Inc., 2614 W. 48 St., Chicago 32, IIl. 
Circle 527 on postcard at end of book 


SENSITIVE 
CATHODE-RAY TUBE 


Extremely sensitive Type K1951 3-in. 
cathode-ray tube, for oscilloscopes and 
other instruments, has a flat face and 
is electrostatically focused and de- 
flected. Deflection voltages are less than 
15 volts, either direction. Accelerating 
voltage, 500 volts. Tube has linear post 
accelerator (1500 volts) for maximum 
deflection uniformity and minimum 
pattern distortion. Line width “A”, 
0.030 in. max. Electronic Tube Sales 
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How to design 250mw at'140mc 
transistorized power amplifiers 


70 me Oscillator 


AC 


...with NEW TI 2N716 silicon mesa transi 


3 
E 
| 
i 
2 
a 
7 
2 
° 
On 
sat 
> 
9° 
a 

| 
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30 100 


f —— FREQUENCY — mc 
OSCILLATOR POWER OUTPUT vs. FREQUENCY 


1 This power rating for 1000 hours expected life at a case temperature 
of 25°C derated linearly to +175° case temperature at the rate of 
125°C per mw. 

2 Maximum voltage ratings at an ambient temperature of +25°C. 

3 BVcEC: This is the voltage at which hrg approaches one when the 
emitter-base diode is open circuited. This value may be exceeded in 
applications where the dc circuit resistance (Rag) between base and 
emitter is a finite value. 

When the emitter-base diode has a reverse voltage applied, peak 
collector to emitter voltage equal to BVcgo minus Veg may be 
allowed. Such conditions may be encountered in class B or C 
amplifiers and oscillators. 

*Pulse Measurement 

**Specify Ip go on commercial data sheet 

***Specify I¢gg on commercial data sheet 


the first silicon transistor manufacturer 


2N715—2N716 140 Megacycle Power Amplifier 


gl. Go * ceramic 
—_ ft; 
G6 CMC CIS B13 pat 


C C14, C17, C18~500 pyf disc ceramic 
untae 


8 turns Airdux, tapped 2 from ground 
L2,—4 turns #12 magnet wire, %” 0, 4%” L 5 : 
LSS turns $id maguet wire, "D, “etl i: ; 
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Now ... silicon high frequency transistors specifically designed 
for your VHF power circuits... another addition to the industry’s 
broadest line of silicon mesa transistors (now 16 TI types!). 


TI 2N715 and TI 2N716 guarantee 500-mw amplifier output at 
70 me and provide 100-mw typical power output at 200 mc. 


These subminiature (TO-18) silicon units feature . . . 1.2-w dis- 
sipation at 25°C case temperature . . . 10-50 beta spread ... 

reverse voltages of 50 and 70v . . . maximum collector reverse 
currents of 1.0 ya (25°C) and 100 ua (150°C). 


Check the guaranteed specs below and take immediate advantage 
of advanced performance in your designs. Both units are ready for 
your orders in every TI distributor’s stocks today, and in quanti- 
ties of 1,000 and up from your nearest TI sales office. 
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SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 
POST OFFICE BOX 312 + DALLAS, TEXAS 
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HEYCO STRAIN RELIEF BUSHINGS 


for standard and special wires and cables 


The Approved Standard for 
Insulating and Anchoring 


ELECTRICAL 


HEYCO JUNCTION-TERMINAL BUSHINGS 


Miniature insulated receptacle for use with 3/16" quick 
disconnect terminals. Completely insulated Nylon body. 


Snap-in Assembly - Color Coded 


Eliminate “Pig-Tail®” Wire, Leads 


> 


Adjusts and fits into curved surfaces 
Available single or connected in units 
from 2 to 5. Color and Number Coded 


Mate with 3.” or 4%" female terminals 


@) @® HEYCO Snap Bushings 


Snap locks into panels up to 4%” thick with 
finger pressure — 35 lb. push back test. 
10 sizes for holes from % to 1%” dia. 
various inside diameters. 


Nylon provides complete electrical in 
sulation and rugged mechanical pro- 
tection for Electrical wire & cable 
Tubing & hose—Rope & cable-Bearing 
surface for moving parts 


Same bushings available 
MA without holes 


FREE SAMPLES! \34 IT’S EASY TO GET FREE TRIAL SAMPLES OF ALL 
BUSHINGS— WHICH ONES WOULD YOU LIKE? 


HEYMAN 
MANUFACTURING | 
COMPANY | 


KENILWORTH 1, NEW JERSEY 
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Dept., Allen B. Du Mont Laboratories, 
Inc., 750 Bloomfield Ave., Clifton, N. J. 
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MINIATURE 
ELECTRIC HEATERS 


“Heater Buttons,” 34 in. diam and 
0.15 in. thick, have a center hole for 
No. 2 screw mounting to any flat sur- 
face. Six-inch long lead wires, TFE 
fluorocarbon insulated, are provided 
for electrical connections. Operating at 


115 volts a-c or d-c, wattage ratings of 
2, 5, or 10 watts are offered as standard 
in the *4-in. diam size. Heater internal 
temperatures to 500 F are permissible. 
Heaters are enclosed in metal case, flat 
on under side for maximum heat trans- 
fer to surface being heated. Minco Prod- 
ucts, Inc., 740 Washington Ave. No., 
Minneapolis 1, Minn. 
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ROTARY MULTIPOLE SWITCH 


Manufactured in accordance’ with 
Bureau of Ships, Navy Dept. Drawing 
815-1853013 and MIL-S-21604, Type 
JK rotary switch provides 16 positions, 
fifteen ON and one orF, for 3, 5 and 
10 ganged sections from one to ten. 
With interrupting rating of 5 amp at 
125 volts a-c, unity power factor, switch 
has electrical-life rating of 40,000 
operations (make and break). Contacts 
are non-shorting. Screw terminals pro- 
vided. Switch body diam, 2 'e in.; 
depth behind panel, 2 *%2 in. for a 
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Product-Design 
BRIEFS 
From Durez 


MORE ABOUT UNCLE’S MONKEY 


Uncle Sam’s first astronaut was a rhesus 
monkey, also named Sam, who took a 55- 
mile-high ride in a vehicle called Little 
Joe. It is Little Joe we’re concerned with. 

Specifically, with the part of Little Joe 
made from heat-resistant Hetron® poly- 
ester resin. 

The full-scale Little Joe capsule is 94% 
feet tall, 20 inches across the top and 6 
feet across the rounded base. The bottom 
portion of this capsule consists of a heat- 
absorbing shield of glass-reinforced 
Hetron. Its several layers add up to an 
inch of thickness. 

Hetron was chosen after intensive re 
search because it provides an unusually 
high degree of inherent heat resistance, 
heat stability and fire resistance. All of 
these properties are important in coping 
with heat generated by atmospheric fric- 
tion at escape velocity. Ease of fabrication 
was pretty important, too. 

The large photo shows the two Hetron 
portions of the capsule: the bottom, in 
foreground; the heat-shield, at left. 

Not only Uncle Sam’s sophisticated 
scientists, but also the more prosaic in- 
dustrial designers are interested in Hetron. 
It offers great promise in many different 
applications. 

For example, it makes possible small 


boats that are fire-retardant. Because it is 
highly resistant to many acids, it finds 
wide use in scrubbers, ductwork and simi- 
lar places where corrosive fumes quickly 
destroy other materials, It’s being used for 
skylights on piers. One company even en- 
closed an entire building with it. 

Hetron can by no means be considered a 
cheap substitute for other materials. De- 
signers have been impressed with it and 
have used it simply because it performs its 
function better than any other material 
they might have used. Sometimes it costs 
less than other materials. Sometimes it 
costs more. But, in either case, it does 
things better, longer or more safely than 
anything else. We've got a data file on it 
if you’re interested. Ask for Hetron File A. 


A THOUGHT FOR USERS OF 
DIE CASTINGS 


When you put these seven parts together, 
you get a highly efficient low-cost pump 
for emptying drums of gasoline, lube oil 
or chemicals. 

The manufacturer used to die cast these 
parts. Now he has them molded from a 
Durez phenolic. The switch to molding 
from die casting eliminated many finish- 
ing and assembly operations. Even the 
fine threads on one of the parts were flaw 
lessly molded. 

The switch to phenolic from aluminum 
added greater corrosion and chemical re 
sistance. Being non-metallic, phenolics 
also prevent sparking and minimize the 
risk of handling volatile liquids. 

For more facts about molding with ver- 
satile Durez materials, ask for Bulletin 
D400. 


For more information on Durez products mentioned above, check here: 


() Hetron polyester resins (File A) 
([] Phenolic molding compounds (illustrated Bulletin D400) 


Check, clip and mail to us with your name, title, and company address. 
(When requesting samples, please use business letterhead.) 


DUREZ pP.LaAstics DIVISION 


1306 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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Heinemann can give you any set delay from a 
quarter-second wink to a two-minute yawn, all 
wrapped up in a relay no bigger than a healthy ice 
cube. Called the Type A Silic-O-Netic Relay, this 
three-ounce time-delay unit offers S.P.D.T. or 
D.P.D.T. switching, with up to three amps’ con- 
tact capacity. All of which is pretty good, but the 
real clincher is the continuous-duty coil. It permits 
the relay to be energized continuously, to serve as 


a load relay, too. This eliminates the need for 


auxiliary lock-in circuits. Result: substantial 


savings in space, wire, solder—and dollars. Bulle- 
tin 5003 gives detailed specifications; a copy is 


yours, of course, for the asking. 


HEINEMANN ELECTRIC COMPANY 


99 PLUM STREET <> TRENTON 2, NEW JERSEY 


2175 
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single-section switch, 6 in. for 10-sec- 
tion switch. Weights, 19 to 44 oz. Elec- 
tro Switch Corp., King Ave., Weymouth 
88, Mass. 
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HEAT-DISSIPATING 
TUBE SHIELD 


Zinc-plated version of the “Mini-Shield” 
is finished in black for better heat dis- 
sipation. Shield reduces temperature 
of miniature 7- and 9-pin electron 
tubes by as much as 5 C. Vertical seam 
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automatically adjusts to proper tube 
diameter and four serrations on base- 
clip prongs compensate for tube-length 
variations. Staver Co., 45-49 No. Sax- 
ton Ave., Bay Shore, L.L, N.Y. 
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HEAT-INSULATING TUBING 


“Insutube” is a light-weight, non-com- 
bustible flexible tubing designed for 
temperatures ranging from 50 to 500 
F. It is used for insulating bent (or 
flexible) piping or tubing, where use 
of rigid material is impractical. Prod- 
uct consists of braided asbestos inner 
tubing, fibrous-glass insulation and 
outer jacket of braided-asbestos tubing. 
Available with uncoated outer jacket or 
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with jacket coated with oil- and abra 
sion-resistant  self-extinguishing syn- 
thetic rubber. Heat-sealed, plastic-liner 
vapor barrier between outer jacket and 
fibrous glass is available. Sizes range 
from 14 to 2 in. All tubes are 1% in. 
thick. Union Asbestos & Rubber Co., 
Fibrous Products Div., 1111 W. Perry 
St., Bloomington, Ill. 

Circle 532 on postcard at end of book 


COMPONENT HOLDERS 

Firm-gripping “Space Saver” holders 
project above electronic chassis only 
0.012 in. more than the components 
which they hold. Line is designed for 
low seating and holding components 
against shock and vibration. Two an- 
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One 
rallet of Quality 
-Coming Up! 


Whatever packaging you choose for the 
Roebling Magnet Wire you buy. you are 
certain the wire is of unsurpassed quality. 

Modern manufacturing methods... 
quality ingredients... wire-making skill 
based on dec ades ol exper rence os Ga t- 
ing testing and inspection—all these fa 
tors combine to assure this one high stand- 
ard. Yet quality Roebling Magnet Wire 
costs no more than others! 


Roebling Magnet Wire comes in types 








and sizes exactly suited to your 


its : applications... and packaged to 


> give you utmost flexibility, e 
Sraic® ciency. economy. Write Roeb 
ling’s Electrical Wire Division, Trenton 2, 
New Jersey, for all the facts. 


ROE BLING 


Branc h Offices in Principal Cities 
John A. Roebling’s Sons Division 
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The Colorado Fuel and Iron Corporation 
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149 Beechwood Ave.. New Rochelle, New York © NEw Rochell: 3-8600 aA 
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cations requiring a combination 


MAGNETIC PICKU PS a \ iiahs lnainatetae ttilelibihins cand ans 


WHAT THEY ARE eee self-generating 


frequency source providing the connecting 
link between mechanical motion and 
instrumentation. 


WHAT THEY DO see Without contact, 


pickups generate frequency ‘voltage 
proportional to speed of any ferrous metal 
objects interrupting their magnetic fields. 


1 of 1000's of applications. Wide variety of 
stock models for immediate delivery. Unlimited 
variations available on special orders. 


‘ Meas RPM 
For most any easuring 


Zz wy 
application ; 

Sizes as small © 
as 14" dia. x 1" Z 


long... Weights 
from .2 oz 
Operating 
temperatures 

up to SOO” F. 


Write for data file 58.084 


ELECTRO PRODUCTS LABORATORIES 
4501-M North Ravenswood, Chicago 40 


Canada: Atlas Instrument Corp., Ltd., Toronto, Ontario 
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of access. Zip-Loc’s serrated mating 
faces provide full locking in any posi- 
tion. Deutsch Fastener Corp., Box 
61072, Los Angeles 61, Calif. 
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TFE-FLUOROCARBON 
O-RINGS 


Approximately 300 standard sizes are 
available in the uniform dash-number- 
ing system for O-rings known as ARP- 
568, recently adopted by SAE. Suitable 
for use with any operating fluid, includ- 
ing hydraulic fluids, as well as all 


solvents, acids, alkalies and salts. In 
addition to commercial surface finish, 
line of O-rings is available in “mirror- 
finish.” Chicago Gasket Co., 1271 W. 
North Ave., Chicago 22, Ill. 

Circle 536 on postcard at end of book 


CLASS-F VARNISH 


Thermosetting resin V61-V-30 is formu- 
lated for impregnating electrical equip- 
ment intended for operation at 166 C 
temperatures. Dip-applied varnish with- 
stands intermittent temperatures to 200 
C. Retains properties after exposure to 
humidity per AIEE 510. May be ex- 
posed to transformer oils. Electric 
strength (ASTM D 149-55T), 3000 to 
3500 vpm dry, 1600 to 2500 vpm wet. 
Suggested applications: mill motors, 
mining equipment, high-spéed arma- 
tures, traction motors, welding trans- 
formers, oil-filled transformers. Sher- 
win-Williams Co., General Industrial 
Div., Cleveland 1, Ohio. 

Circle 537 on postcard at end of book 


TIME-DELAY SPRING SHOCK 


Model 38.008 liquid spring shock pro- 
vides a time-delay relay for an elec- 
tronic circuit. Device provides a fast- 
compression spring action with a time- 
delay extension from built-in dash-pot. 
Time delay or lock-down at end of 14- 
in. stroke can be adjusted to provide 
up to 42 minutes delay for 1/16-in. 
travel of return stroke, then release for 
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RUSHES 


THE FIRST COMPLETE 
HIGH-ALTITUDE LINE 


Just seat Stackpole Quick-Filming 
Brushes and they’re ready for immediate 
high-altitude operation. Now available in 
5 basic materials groups, these brushes 
cover practically any high-altitude re- 
quirement, present or pending. 


Features include excellent commuta- 
tion; greater stability ; lower, more stable 
temperatures and materially longer life. 
Uniformly distributed high-altitude pro- 
tective ingredients reduce maintenance 
and frequently add greatly to operating 
stability at high temperatures. 


Write for Quick-Filming Bulletin 21. 


Le RADE 5 6 6 (Electrographitic series) 


... for long life .. . improved commutation 
and operating stability . . . lower tempera- 
tures . . . minimized polarity effect. 


SUG (“Concentrated moly” series) 


. . . for top performance on ‘‘trouble”’ jobs, 


ie RA D aE! 6 (Metal Graphite Series) 


.-. for slip ring applications and low-voltage 
commutating equipment. 


e) is a ) 3 6 1 1 (Treated Copper-Graphite Series) 


. .. for slip ring applications and very low- 
voltage commutating equipment. 


ej RA D 3 5 3 a WW (Treated Silver-Graphite Series) 


. .. for slip rings requiring low, stable con- 
tact drop; also for very moist, very dry, oil 
vapor or other difficult environments, 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


BRUSHES for all rotating electrical equipment e ELECTRICAL CONTACTS e 
BEARINGS e GRAPHITE CHEMICAL ANODES e GROUNDING ANODES e 
POWER TUBE ANODES e SEAL & CLUTCH RINGS ¢ VOLTAGE REGULATOR 
DISCS ¢ HEATING ELEMENTS ¢ FRICTION SEGMENTS ¢ CERAMIC MAGNETS 


CARBONS. . 


FERROMAGNETIC CORES e¢ FIXED & VARIABLE RESISTORS © WELDING 
. and many other carbon, graphite and metal powder products, 
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| special-purpose Kelvin ratio bridges shown above were built 
especially for Ultronix by ESI. 

They can calibrate precision wire-wound resistors in Ultronix matched 
sets and networks to an accuracy of 1 part per million. 

Ulironix operates these bridges in a separate temperature-controlled 
area for precision manufacture. There you will find the most accurate 
installation of measuring equipment outside the U.S. Bureau of 
Standards. 

This is one reason why Ultronix can offer networks and sets with ratios 
matched as closely as 0.001 per cent and absolute values within 0.01 
per cent. It’s virtually impossible to measure closer in production quan- 
tities. With this passion for precision, Ultronix combines imaginative 
engineering, advanced manufacturing techniques and strict quality 
control procedures. 

This is why Ultronix has become—in less than 3 years—the pre- 
ferred source for precision wire-wound components. In some cases, 
the sole source. 

At Ultronix, precision is our most important product. 


For catalog data, please address Dept. 32. 


U LTRONI x 111 EAST 20th AVENUE 


SAN MATEO, CALIFORNIA 
PHONE FIRESIDE 5-7921 
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rapid travel last 3/16 in. of stroke to 
actuate other circuitry. Spring force, 
8 lb endload and 6 lb preload. Size, 
1 in. x 3% in. diam. Other models 
available with time delay of up to 24 
hr on stroke of up to 2 in. Taylor De- 
vices Inc., 188 Main St., North Tona- 
wanda, N.Y. 
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SELF-LOCKING 
CLIP-ON NUT 


Fastener may be used in the same ap- 
plications as standard nutplates in 
structural and non-structural installa- 
tions. Clip-on nut slips onto panel or 
structure and locks firmly in bolt hole. 
Available for 0.020 to 0.150 in. appli- 
cation thickness. At top right of illus- 
tration, drawn eyelet (see arrows) lo- 


cates clip-on nut assembly in applica- 
tion hole. Bottom illustration shows 
clip-on nut mounted through cutout 
hole in center of panel when edge 
margin is excessive. Meets MIL-N- 
25057, 120,000-psi class. Monadnock 
Mills, Subsidiary of United-Carr Fas- 
tener Corp., San Leandro, Calif. 

Circle 539 on postcard at end of book 


FRACTIONAL-HP 
GEARMOTOR 


“Classic” motor provides power for 
business machines, computers, elec- 
tronic equipment, scientific instruments, 
and other devices. Ten standard single 
and double worm reduction models 
available, with shaft output ranging 
from 10 to 750 rpm. Gear train em- 
ploys first worm cut directly on motor 
shaft. High-speed first gear is fiber and 
low-speed gear is bronze. Shaft posi- 
tion can be changed to any one of six 
30-deg positions by means of 6 screws. 
Motor shaft runs on ball bearings, gear 
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THERMO-KANTHAL 


aa 
|_| [Ordinary Alloys] | TN 


THERMOCOUPLES 
ARE MORE STABLE 


Thermo-Kanthal is a product of world recognized 


Kanthal leadership in special purpose resistance and 


heating alloys. 
the problem of stability with age and use. 


It is specifically designed to combat 
Particular 


attention to the composition of the negative leg has 
resulted in a new order of accuracy and stability, 
particularly in the 1800°F to 2300°F range. 


Thermo-Kanthal couples meet all standard emf curves. 


No change in instrumentation is necessary. 


In addi- 


tion to operating savings, as in less recalibration, 


Thermo-Kanthal actually costs less initially. 


Write for 


detailed data today. 


Lisi iq ) T i yf. j CORPORATION 


3 Amelia Pl., Stamford, Conn. e 


‘Can. Rep. Ferro Enamels, Ont., Canada 


oe 
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PERMANENT~PILO LIGHT 
vag — Vie 


=| OMNI-GLOW 


ADD GLOW TO THE 
LIFE OF YOUR PRODUCT 


Speed-Nut Pent = 461 


Stripped & Tinned x 


OMNI-GLOW Pilot Lights are 
designed for up to 25,000 
hours of operation—providing 
glow for the life of your 
product. OMNI-GLOW is easily 
attached to panels of any 
thickness by a vibration-proof 
speed nut—combining 
permanent fool-proof mounting 
with production economy. 
Ruggedly constructed to with- 
stand rough duty service, 
OMNI-GLOW is available in a 
variety of styles to meet your 
design requirements. Write 
today for a sample and 
detailed catalog. 


Size TL Nylon Body 
Leod Length—4” 


Fast, simple, permanent mounting 
through single 1/2” panel hole. Speed- 
nut supplied for tool-less attachment. 


LY 


JUNE 1960 


WRITE FOR COMPLETE TECHNICAL MANUAL 
AND OMNI-GLOW CATALOG... 


industrial Devices, Inc. 


EDGEWATER 11, NEW JERSEY 
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ENGLER HUBODOMETERS 


Complete acceptance by fleet owners plus 
10 years of field experience has proven 
Engler Hubodometers as the most accurate 
method of determining mileage on all com- 
mercial vehicles. Hermetically sealed, easy to 
read, and conveniently installed, Engler Hub- 
odometers are distributed by truck and trailer 
branches and leading automotive parts sup- 
pliers. Engler Hubodometers are also avail- 
able on new equipment at all truck, trailer 
and bus manufacturers. 


VDO TACHOGRAPH 


The VDO Tachograph is a precision speed- 
ometer that records in easy-to-read chart 
form the speed and mileage of a vehicle at 
any time. Accurate at all speeds, the Tacho- 
graph provides information to promote safety, 
cut maintenance costs and eliminate wasted 
time and unscheduled stops. Warns when a 
preadjusted speed is reached. Available in 
both M.P.H. and R.P.M. Models. 


DC HOUR METER 

The Engler DC Hour Meter electrically 
registers hours and minutes of engine opera- 
tion. Permits a longer service life by provid- 
ing a protective maintenance program through 
a true time utilization record of all powered 
equipment. Designed for use on materials 
handling equipment, tractors, road graders, 
trucks and pumps, etc., the Engler DC Hour 
Meter is easy to read, available in various sizes 
and voltages and sealed against dust and mois- 
ture. Built for years of dependable and trouble- 
free service. 


Engier 


250 Culver Avenue, Jersey City, N. J. Phone HEnderson 4-6500 
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SPECIAL SERVICES 


FOR DESIGNERS! 


Kyte 


— sample quantities 


Hand-made pre-production 
parts eliminate tooling 
costs... save you time and 
money. Consult I-S engin- 
eers for fast, economical 
service on your sample 
orders. Send drawings and 
specifications for 
quotations. 


After proving correct 
design in your Model Shop, 
return to I-S for produc- 
tion quantities. Supreme 
accuracy, uniformity and 
long endurance life is 
assured by I-S precision 
methods of manufacture. 


produced 
quickly and 
economically! 


BERYLLIUM 
COPPER 
SCREW 

MACHINE 

PRODUCTS 


Prototype and 
production parts 
from .020” to 
1.00’ diameter. 


. INSTRUMENT 
SPECIALTIES 


co - 


SEE OUR 
CATALOG Ww 


254 Bergen Blivd., Little Falls, N. J. _ 
Telephone: CLifford 6-3500 
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shafts on bronze sleeve bearings. Over- 
all size is 6 x 3%, x 3% in. high. 
Available as universal, shunt or series 
motors from 12 to 220 volts input. 
Carter Motor Co., 2700 W. George St., 
Chicago 18, IIL 
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TRANSISTOR 

HEAT EXCHANGER 

Forced-air heat exchangers for cooling 
power transistors are designed to oper- 
ate from a ducted source of air, flow- 
ing at rates of from one to fifteen cfm 
at standard conditions, and enable a 
50-watt transistor to produce up to 50 
watts. For example, a Delco 2N173 
transistor mounted in a Model LF-101 
heat exchanger (illustrated) produces 
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50 watts with 25 C air flowing at a rate 
of 15 cfm, under pressure of 1.4 in. 
H.O. It produces 32 watts with 25 C 
air flow rate of 1.7 cfm, pressure 0.05 
in. H.O. It produces 28.5 watts with a 


| flow of 15 cfm of 55 C air under pres- 
| sure of 1.4 in. H.O. In above examples, 
| transistor junction temperatures never 


exceed 95 C. Heat exchangers available 
in five models to fit all makes of power 
transistors. Gasket Mfg. Co., Inc., 319 
W. 17 St., Los Angeles 15, Calif. 
Circle 541 on postcard at end of book 


20-AMP ROCKER SWITCH 


In addition to the rocker-type actua- 
tion, switches are available with flush 
or offset two-hole mounting. Colored 
serrated actuators may be plain or 
marked to fit the application. Electrical 
ratings are: 20 amp, 125 volts a-c at 
1144 hp: 10 amp, 250 volts a-c at 2 
hp. Basic switch housing is 1.200 in. 
long and 0.762 in. wide. Contact rivets 
are silver cadmium oxide inlaid on 
copper alloy. Connecting parts and 
terminals are silver plated. Cover plate 
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RCA’s entire line of Silicon and Germanium Transistors and Silicon Rectifiers is now as close as your 
telephone and can be obtained at factory low prices in quantities up to 999. The new “Drift Field” 
types...Thyristors, exciting new bi-stable switching transistors...the High Power, Intermediate 
Power and Medium Power Silicon Transistors featuring exceptionally low-saturation resistance...are 
just a few examples of the rapidly expanding line of RCA Semiconductor Products you can now quickly 
and conveniently order from your nearby RCA Semiconductor Distributor. And don’t forget these 
extra benefits a call to your RCA SEMICONDUCTOR DISTRIBUTOR will bring to you: 


@ Prompt delivery of the latest RCA types for your evaluation e Valuable technical assistance when you need it 
e Orders filled from factory-fresh stock e@ “One-stop” service on your orders 
@ Up-to-date, practical product information @ Specialists who understand your problems and your electronic needs 


Semiconductor Products The Most Trusted Name in Electronics 
Distributor Sales RADIO CORPORATION OF AMERICA 


Harrison, N. J. 
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IS FINDING THE RIGHT TIMING DEVICE YOUR PROBLEM? 


Call in the Man from Bristol Motors! 
He talks your language—knows how 
to meet your needs and problems. 
Whether you require a standard 
motor, a modification of a standard, 
or a new design, Bristol experience 
can be counted on to give you quick 
delivery of the timer best suited to 
your needs. A wide torque range is 


available—speed ranges from 1800 
rpm to 1 rp month! You can get vari- 
ations in shaft length, voltages, shift 
and brake action and other special 
features for your specific needs. For 
dependable, economical synchro- 
nous timing in industrial control and 
instrumentation—ask for the Bristol 
Motors Representative in your area. 


Write for new Catalog 160. 


BRISTOL@ MOTORS 


Division of Vocaline Company of America, Inc. 
210 Coulter Street, Old Saybrook, Conn. 


Dept. EM-6 
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is cadmium steel. Choice of circuitry 
includes both single-pole and double- 
pole models with single throw; double- 
throw, center-orF; double-throw, no- 
oFF; double-throw, momentary; single- 
throw, momentary; double-throw one 
side ON, one side momentary, center- 
OFF; etc. Switches can be ganged. Elec- 
trical Div., McGill Manufacturing Co., 
Inc., Valparaiso, Ind. 


Circle 542 on postcard at end of book 
SYNTHETIC-RUBBER OILER 


Series A-2004 Buna “N” synthetic-rub- 
ber oiler is for mounting in a hole in 
a casting or sheet metal. Oiler has 
snap-action top which is a part of the 
body. Eynon-Dakin Co., 9900 Freeland 
Ave., Detroit 27, Mich. 

Circle 543 on postcard at end of book 


VERTICAL ACCELERATION 
INDICATOR 


T8615-11 indicator supplies 
vertical acceleration data by means of 
a d-c input and displays this informa- 
tion on a dial in the form of “pounds 
heavy” and “pounds light.” Device con- 
tains chopper, a-c servo, solid-state am- 


servoed 


plifier, and sensitivity control which 
regulates time constant of pointer. Re- 
quires 115 volts, 400 cps, single-phase; 
also 6.3 volts, 60 cps (lights); and 
27 volts d-c. Scale factor, 10 mv = 
1000 Ib; accuracy, +200 Ib; sensitivity, 
+2 mv. Kearfott Div. of General Pre- 
cision, Inc., 1150 McBride Ave., Little 

Falls, N. J. 
Circle 544 on postcard at end of book 
(Continued on page 270) 
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DESIGN 
TIMING 
RELIABILITY 
INTO 
YOUR 
CIRCUITS 


specify... 


NEW MINIATURE AGASTAT’ 


time | delay / relays 


® Recycling virtually instantaneous—less than .020 seconds 
© Unaffected by Voltage fluctuations (from 18 to 32 volts DC) 
© Repeat Accuracy +5% 


This new AGASTAT meets the environmental requirements of MIL-E- 
5272A. Built to withstand the rugged conditions of missile and aircraft 
applications. Lightweight—less than 15 ounces. Space saving—45” 
tall... 1'%6” wide... 11/2” deep. Adjustable, with time delays from 
.030 to 120 seconds. Choice of operation for energizing or de-energiz- 
ing. For complete specifications, write Dept. A37-621. 


AGASTAT TIMING INSTRUMENTS 
ELASTIC STOP NUT CORPORATION OF AMERICA, 


1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 
Circle 289 on Inquiry Card 


SECURE WIRE BUNDLES IN SECONDS! 


Simply pull this modern self-locking nylon strap around your wire 





bundle, cut off the excess,and you have a positive-holding installation. | 
No tying, no knots, no hitches to come loose with Bund-L-Tite*. It’s | 
the fastest, surest, mosi permanent way to secure wire bundles! 
Proved in aireraft and missiles under extreme loads, Bund-L-Tite* 
straps are made of tough, light-weight DuPont zytel, which meets 
MIL-P-17091. Write for free literature. 


DAKOTA Manufacturer of Cab-L-Tite clamps. | 
ENGINEERING, INC, 


4315 Sepulveda Blvd., Culver City, California *Trade Mark | 
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The high quality of 
NATIONAL LOCK 
FASTENERS 


is more than skin deep 


Quality wire is the basic ingredient for 
quality fasteners. That's why, at National Lock, 
quality control starts with elements of the raw 
wire. Here, a unique spectograph is used 
to make a complete qualitative analysis of 
the metal that goes into National Lock fasteners. 
and cold-headed products. And, too, size, 
thread dimension, finish and other exacting 
customer specifications are checked with equal 
vigilance and thoroughness. National Lock 
fasteners are quality made inside and out to 
assure long-term, dependable performance. 


STANDARD AND SPECIAL-PURPOSE FASTENERS 
FOR AMERICAN INDUSTRY SINCE 1909 


NATIONAL LOCK COMPANY 
FASTENER DIVISION, ROCKFORD, ILLINOIS 
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Control System 


‘DIAMOND HB’ 


~ HART 


MANUFACTURING COMPANY 
211 Bartholomew Ave., Hartford 1, Conn. | 
Phone JAckson 5-3491 


270 


Heart of the 


ee 


Relays 


“Diamond H”’ relays have a 
record of high reliability proved 
in critical applications ranging 
from missiles to nuclear sub- 
marines. That’s why increasing 
numbers of engineers are speci- 
fying ‘“‘Diamond H”’ relays in 
the heart of their control 
systems. 

Hart makes these basic types 
of relays: 


® Miniature, hermetically- 
sealed aircraft-missile re- 
lays, (Series R and Series S). 
High-speed sensitive polar- 
ized relays (Series P). 
General purpose AC/DC re- 
lays (Series W) 


Technical literature out- 
lining the wide range of char- 
acteristics available in each 
type relay is yours for the 
asking. You'll find ‘“‘Diamond 
H”’ engineers skilled in opti- 
mizing the basic designs to meet 
your specific requirements. 

Tell us your needs . . . by 
phone, wire or letter. 
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BALL-SCREW ACTUATORS 


Recirculating ball screw assemblies, 
with pitch accuracy up to 0.0002 in. per 
foot, feature an internal bypass for 
recirculating balls (Fig. 1). Bypass 
unloads each ball as it completes one- 
Balls are unloaded 
quickly, reducing dynamic forces be- 


tween balls and permitting small nut 


revolution circuit. 


Figure 2 


size in relation to screw. System of pre- 
loading, to eliminate backlash, uses 
vernier adjustment to offset nuts 
axially. Preload settings can be ac- 
curately made by changing engage- 
ment of fine-pitch splines on outer ends 
of nuts (Fig. 2). Actuator shaft di- 
ameters from 14 to 5 in. can be made 
in lengths up to 40 ft (lengths for 
0.0002 in. pitch errors are limited to 
13 ft overall). Special Products Div., 
Scully-Jones and Co., Chicago, III. 


Circle 545 on postcard at end of book 


D-C TO D-C CONVERTER 


Converter offers 70 per cent minimum 
efficiency at 24-32 volts d-c input with 
output regulation of +3 per cent at 
250 volts d-c and 250 ma; +1.5 per 
cent at 150 volts d-c and 100 ma; +0.1 
per cent at 5 volts d-c and 100 ma. Reg- 
ulation is achieved by supplementing 
input d-c line voltage with a regenera- 
tive feedback voltage from oscillator to 
maintain three output voltages at pre- 
determined levels. Unit weighs 3 Ib 
and has dimensions of 3.3 x 5.5 x 2.2 
in., is operable from —55 to +71 C and 





SPECTROL PRECISION MECHANISMS 


Big Squeeze 
Job 


SPECTROL’S new PRECISION MECH- 


| ANISM—a velocity servo—is more than 
just another interesting shrink job. It’s 


useful. It can go anywhere you need an 
ultra-miniature, precision speed control 
device. 

First, the package. It measures only 112 
x 1% x 3 inches. In a space that would 
give a sardine claustrophobia, Spectrol 
engineers squeezed a solid-state amplifier, 
a servo-motor, a gear train, and a very 
special, condensed (‘42-inch long) poten- 
tiometer and switch. 

The pot has four electrically isolated 
wipers, all riding 90° apart on the same 
coil. The switch, in the same pot housing, 
has four wipers riding on an alternately 
conducting and non-conducting surface. 


THE FUNCTION: The servo accepts dc 
signals varying between +10 v from a 
computer to drive the pot in such a man- 
ner that speed is directly proportional to 
the dc signals. 

THE APPLICATIONS: Here’s an ex- 
ample: tied to an airborne computer, the 
Spectrol servo will drive a scope in the 
cockpit of one of the nation’s hottest 
aircraft. The object: to give the pilot a 
visual, three-dimensional analog of his 
position. Actually, the servo will drive 
anything—resolvers, synchros, tachs, 
other pots and switches. It’s a complete, 
ready-to-go package you can put into 
your system as is. 

This is another example of how Spectrol 
PRECISION MECHANISMS free the systems 
engineer from building functional sub- 
assemblies using components such as gear 
drives, clutches, precision potentiometers 
and servomotors. If you need modules 
combining any of these components in 
a single specification—Spectrol can help. 


For more details, call your Spectrol engi- 
neering sales representative, or address 


Dept. 32. 


18 


ELECTRONICS CORPORATION 
1704 SOUTH DEL MAR AVE. * SAN GABRIEL, CALIF. 
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HEATING EQUIPMENT 


Hardening * Annealing * Soldering 
Brazing * Zone Refining * Crystal Growing 


TRAE Pema ia a Wt Ay 
1 kw; 2% kw; 5 kw; 10 kw; 
20 kw; 30 kw; 50 kw; 
ewes Fae ae 


SPARK GAP CONVERTERS: 
2 kw; 4 kw; 712 kw; 
15 kw; 30 kw. 


“ae 


WRITE FOR THE NEW LEPEL 
CATALOG 36 illustrated pages 
of valuable information 


| HIGH FREQUENCY | 
LZ epel LABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE 77, N. Y. 
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PANEL METERS 
for — 
EQUIPMENT MANUFACTURERS | 


CUSTOM METERS... acrylic cases, phenolic 
cases... 2-inch through 7-inch sizes... produced 
in quantity, to your specifications, for use 

in highest quality electrical and electronic 
instruments and equipment. Prices quoted 
promptly upon receipt of your specifications. 


STOCK METERS... in all standard sizes and 
ranges ...acrylic and phenolic cases... available 
promptly for your laboratory models, prototypes 
and production test gear. Inquire at leading 
Electronic Parts Distributors...or write 
directly to PACE. 


PACE Panel Meters are engineered for rugged, 
trouble-free performance: 


FULL DOUBLE-BRIDGE D'ARSONVAL MOVEMENT 
HIGH-DENSITY SINTERED POLE PIECES 
COINED, SOFT-IRON POLE FACES 

HIGH TORQUE/MASS RATIO 


Write for new, 1960 Catalog 


PACE ELECTRICAL INSTRUMENTS CO., INC. 
70-31 84th St., Glendale 27, L.I., N.Y. 
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‘ 
. @DOUBLE-POLE 
DOUBLE-THROW 


CH 

Snap-acting 
SWITCHES for 

AU EVE 

AU HRS 


THE DA\SERNS 
of UNIMAX low-sost 
snap-acting switches 


simplifie§ designs 

and cuts osts by ganging 

two snap mechanis 

in one compact case 

for operatioh by the same button. 


Separate electric elements 
provide for do\ble-pole double-throw 
or two single-pvle single-throwcircuits. 


Electrical ratings 
15 amp 125/25Q volts a-c 
4 HP 125 v. a-c 
1 HP 250 v. a-c, o 
¥% HP 125v.a-c 
114 HP 250 v. a-c 


Write for 
data sheet 
showing 
actuator styles 
and 
characteristics 
DA 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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FOR PRECISE 
400-CYCLE POWER 


| g m4 9 Specify Kearfott 
e¢ ¢ & Motor Generator Set Systems 
a 


| 


Kearfott 60-to-400 cycle motor generator 
frequency converters are in active use 
wherever precise 400-cycle power must be 
supplied .. . including laboratories and in 
such other representative applications as 
production testing, high speed tool opera- 
tion and ground support. These generator 
systems, which consist of a 60 cycle syn- 
chronous motor and a 400 cycle generator, 
can be supplied with controls and generator 
as an integral, compact unit—or with con- 
trols and generator separately located. 


PERFORMANCE SPECIFICATIONS 
Frequency: 400 cycles under any rated load condition with 60 cycle input. 


Voltage Regulation: Within +1% of rated voltage when (1) load varies 
between no-load and 125% of rated load, and/or (2) load power 
factor varies between 0.8 lagging and unity, and/or (3) equipment 
temperature varies after approximately 10 minutes’ operation. 


Voltage Recovery: When rated load is suddenly applied or removed, voltage 
will return to and remain within regulating band within 0.25 seconds. 


Voltage Adjustment: Continuously adjustable to +10% of rated value. 
Deviation Factor: Maximum 4% between no load and full load. 
Overload: Equipment delivers 125% of rated load for 2 hours. 


Amplitude Modulation: Maximum 1% of peak-to-peak voltage at any load 
between no load and full load, at any power factor between 0.8 
lagging and unity. 


Frequency Modulation: Maximum 0.5% at any load from no load to 125% 
of rated load. 


KEARFOTT DIVISION 
GENERAL PRECISION INC. 


LITTLE FALLS, NEW JERSEY 


Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, III. 

South Central Office: 6211 Denton Drive, Dallas, Texas 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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is compatible with military specifica- 
tions. Temco Aircraft Corp., Box 6191, 
Dallas 22, Texas. 


Circle 546 on postcard at end of book 


NAME PLATES 


Heavy gage metals (attached with 
rivets or screws) to self-adhesive foils 
and decals are available in any size, 
shape, metal or color. Instruction 
plates. data plates, panels or dials 


are made to customer specifications, 
chemically etched, lithographed, silk 
screened or anodized. Plates are coated 
with a scratch- and weather-resistant 
finish. Ward’s Name Plates, 8502 Lyn- 
don Ave., Detroit 38, Mich. 

Circle 547 on postcard at end of book 


FLEXIBLE-RIBBON 
WIRING ASSEMBLY 


Plyo-Duct flat conductor cable in a 
rack and panel drawer provides a self- 


contained retracting feature without ad- 
ditional mechanical aids. Methods 
Manufacturing Corp., 7447 W. Wilson 
Ave., Chicago 31, III. 

Circle 548 on postcard at end of book 


DIGITAL-TO-ANALOG 
CONVERTER 


Miniature converter DAC-94 weighs 30 
gm and is suited for computer applica- 
tions and pulse-repetition rate moni- 
toring in laboratory instruments. It pro- 
duces a-c output proportional to input 
repetition rate. Standard model is con- 
stant-current generator which delivers 
0.01 pamp/pulse/sec. Other models 
deliver up to 0.1 pamp. Output volt- 
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Naugatuck VIBRIN 


B-52 antenna covers of VIBRIN’... 
to .003 of an inch tolerances! 


Workmanship to three-thousandths of an inch is close for 
plastics. And such excellent workability is but one of the 
requisites for these fiber-glass-reinforced polyester parts 
made by Boeing. 

Thermal stability is a must...to withstand the searing 
temperatures resulting from high speeds, from rocket and 
jet exhausts. And ViBRIN 136-A is one of only two resins 
which have met the Military Specifications (R-25042) for 
such applications. (The other is viBrRin 135.) 

Not only does viBRIN answer the needs of precision 
formability and stability at temperatures of well over 
500° F, but it is transparent to radio and radar waves as 


well. It thus offers excellent protection to these vital military 
“eyes and ears’ without in any way interfering with their 
function. 

Now being used for a wide variety of lightweight aircraft 
and missile parts, ranging from these to the nose cone of 
the BOMARC missile, viBRIN, in one of its many task-tailored 
forms, may be precisely the material your product requires 
...to make it work, work better, work for less, or sell more. 

For more information on the properties and uses of this 
exceptionally light, strong, and easy-to-mold material... 
for technical assistance with your own application, see your 
Naugatuck Representative or write the address below. 


Naugatuck Chemical Division 


DEPT. 658V ELM STREET 
NAUGATUCK, CONNECTICUT 


KRALASTIC RUBBER-RESINS © MARVINOL VINYLS © VIBRIN POLYESTERS 


Akron - Boston - Chicago - Gastonia - Los Angeles - Memphis - New York « Phila. - CANADA: Naugatuck Chemicals - Elmira, Ont. - Cable: Rubexport, N.Y. 
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age can be programmed by adjusting 
load resistance. Linearity of converter 
is +2 per cent for output voltages not 
exceeding 20 millivolts and for operat- 
ing temperatures between —20 and 
+140 F. Transformer-Electronics Co., 
Industrial Park, Boulder, Colo. 

Circle 549 on postcard at end of book 


AXIAL-FLOW BLOWER 


Pressures as high as 25 in. H,O can 
be obtained with the 4-in. diam rotor 
of these axial-flow blowers. Unit illus- 


trated for 28 volts d-c. Other drives 
available for 12 volts d-c, 110 volts at 
60 cps or 400 cps. General Turbine 
Corp., 1338 W est Ave., Buffalo 13, N. Xs 


Circle 550 on postcard at end of book 


HIGH-VOLTAGE SUPPLY 

Model 1501 is a 5000-volt d-c power sup- 
ply in a package 26 x 3 x 414 in. and 
capable of delivering up to 5 ma. 
Ripple, less than 1 per cent; input, 115 
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TIME DELAY RELAY a 


Instant Fingertip Setting... 
For 0 to 120 Second Delays 


With the FR’s simplified design 
—large 14" 60-point notched 
dial and simple indicating lever— 
you can set up any desired time 
delay instantly. No nuts or set 
screws to loosen. Four adjustable 
ranges provided: 0 to 15, 0 to 30, 
0 to 60 and 0 to 120 seconds. Other 
types available with delays in any 
time range. 


Precision synchronous motor 
drive assures extremely accurate 
timing and positive action. Unit is ready- ne mount 
with all components assembled on compact bracket. 
Operates from any standard voltage source, handles 


up to 20 amps., 480 V. non-inductive. every day. i cag al a a a a 


Request details today! Write on company letter- 
head for complete 64-page catalog describing 


Sine coueson'vonen cece ata: Brevel meets 

See Classified Directory for Name of Factory Representative unu Su al 
specifications 
for small motor 
applications 


Your new appliances get into 
production — and to market— ; 

Series S 
faster, at lower cost when Ope® Spur 
BREVEL supplies your mo- © Motors 
tors. Chances are we have a 
suitable design! You can rely 
on BREVEL’s_ experienced 

specialization to design, engi- 
STAR INSULATING BEADS neer, and volume-produce pre- 
cision motors that give con- 
sistently superior service at 
e Use LAVOLAIN ball and socket | tow east. 
beads for insulating bare wire. Heat We may be making — right aise te 
resistant. High dielectric and me- | now — the motor you think is Soe See 


: . os = Gear Motor 
chanical strength. Made in U.S.A. aaa ee 
z 5 phone sae d out. 
Quality beads at low cost. Quickly oud 


Enclosed Helical 


applied. Flexible. Shown approxi- See us at the Convention: Gear Motor 


mately half size. | BOOTH +84 


" STAR 





This shaded pole motor 
is available as a high 

speed motor alone or as 
the backbone of BREVEL's 


quality gear motors. 


SCOSCSSHSSHESHSSSSHHSSOSOSEHHSHSEHSOHOHEEHEES 
SORSSSSSEHSSHSSSSEHSHESHEHSSH EHH EEE SH EEEEHE 
ee 


15 2 WEST WALTON STREET - CHICAGO 10, ILLINOIS 
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OVER 60 YEARS 
IN BUSINESS 


: BREVEL PRODUCTS CORP. 
porcela in com pa ny manufacturers of small motors for the appliance industry 


34 Muirheag Ave., Trenton 9, N. J. 627 West 26th Street, New York 1 @ WAtkins 4-4737 


CHICAGO: Jerry Golten Co. © 2750 W. North Ave. © EVerglade 4-5959 
LOS ANGELES: Electric Motor Engineering, Inc. © 8255 Beverly Blvd. © OLive 1-3220 
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high-performance Series F 


Tarzian Silicon Rectifiers 


The addition of Type 2F4 expands the Tarzian F Series 

to cover a current range from 200 to 750 milliamperes dc 

(to 85° C). Characteristics of the complete F Series are shown 
below, in condensed form. 


COMPARE THESE ADVANTAGES: 


e Small Size...diameter *¢” max; length 6” max. 

@ Low Cost...and high quality resulting from Tarzian production methods 
insulated Body...no mounting problems 
High Efficiency... oversize junction and low voltage drop 


® Available...now from stock 


In addition to providing good operating efficiency at low 
temperature rise, thereby increasing reliability, the oversize 
junction also handles inrush currents far beyond normal circuit 
requirements. Careful selection of materials increases stability 
and improves thermal characteristics. 


For additional information about Series F rectifiers, call your 
4887H. 
Sarkes Tarzian is a leading supplier of silicon, tube replacement, 
and selenium rectifiers. Practical application assistance 

is always available. 


Sarkes Tarzian sales representative, or write Section 


Max. Recurrent 
RMS Volts Peak 


260 2.0 
140 7.s 
280 7.5 
420 


SARKES TARZIAN, INC. 


World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems e Broadcast 
Equipment ¢ Air Trimmers « FM Radios « Magnetic Recording Tape e Semiconductor Devices 


SEMICONDUCTOR DIVISION « BLOOMINGTON, INDIANA 
in Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, Inc., New York 
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volts at 60 cps. Other models are rated 
1100 volts and 15,000 volts at 5 ma. 
Atlas Transformer Co., 1839 Moore 
St., San Diego 1, Calif. 


Circle 551 on postcard at end of book 


ADJUSTABLE BAROMETRIC 
PRESSURE SWITCH 


Series 1700 externally adjustable pres- 
sure switch, illustrated, is designed as 
a safety device for destruction of a 
drone if the drone falls below a pre- 
Predeter- 


determined safe altitude. 


mined pressure range is 700 to 25,000 
ft, decreasing altitude, +10 per cent. 
Pressure switch measures 214 x 214 in. 
Switches can be designed for other 
altitude settings and with 1- to 3-pole 
circuitry. Haydon Switch, Inc., Water- 
bury 20, Conn. 


Circle 552 on postcard at end of book 
MULTIPLE-ARM RELAY 


General-purpose relay in series 10 
(a-c) and 20 (d-c} is a multiple-arm, 
16-spring device with a variety of con- 


tact arrangements available. Contact 


rating, 4 watts a-c or 1.5 watts d-c; 
temperature range, —65 to -+-85 C; 
shock, 30 g nominal; vibration, 10-55 
cps at 0.06-in. excursion. Wheelock 
Signals, Inc., Long Branch, N. J. 
Circle 553 on postcard at end of book 
See Laboratory and Engineering 
Equipment on page 278 
Postcard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further informa- 
tion on 
* New Components and Materials 
* Literature for the Design Engineer 


* Feature Article Reprints 
+ Advertised Products 
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Analyze millimicrosecond pulses 
Measure transistor response time 
Make fractional millimicrosecond 
time comparisons 
Measure diode switching time 
Determine pulse jitter © 
Make permanent X-Y plots. 
Measure memory-unit switching 

_ Measure uhf voltage amplitude 


® 185A Sampling Oscilloscope with 
@® 187A Dual Trace Amplifier 


IMPORTANT FEATURES: Less than 0.7 musec rise time. 500 MC pass 
band; bright steady traces even at rep rates down to 50 cps. Sensitivity 
10 mv/cm to 200 mv/cm; vernier increases sensitivity to 3 mv/cm. 
Sweep times 10 musec/cm to 100 musec/cm with expander to 0.1 mzsec. 
Front panel delayed sync pulse for triggering circuits under test. Dual 
channel input. 10 cm vertical display. High sensitivity, wide dynamic 
range. 100,000 ohm probe minimizes circuit disturbance. X-Y recorder 
output. Time-amplitude calibrators, beam finder, panel similar to con- 

Bright, clear dual pulse presentation on -hp- ventional — 

185A’s big 5” scope face. Top trace shows 


pulse from mercury pulser applied to 2N1385 FOR COMPLETE DETAILS of this totally new, easy-to-use instrument, 


mesa transistor. Bottom trace shows respond- 


ing turn-on of transistor. Dip in bottom trace call your ® representative or write direct. 
s of n= esults fro apaci bs : 
aie cisdms tonal St ee ee ® 185A 500 MC Oscilloscope, $2,000.00 
® 187A Dual Trace (plug-in) Amplifier, $1,000.00 


Data subject to change without notice. Prices f.o.b. factory 


HEWLETT-PACKARD COMPANY 
1026M Page Mill Road, Palo Alto, California, U.S.A. 
Cable “HEWPACK” DAvenport 6-7000 
HEWLETT-PACKARD S.A. 


Rue du Vieux Billard No. 1, Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36 


Brilliant, steady trace of a 2 millimicrosecond 


pulse on the 185A 5AQP cathode ray tube dp over 300 fast, accurate measuring instruments 


6362 face. 
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divide 
motion 


into 25,600 
exposures 


per second 


with the 


This new camera, which operates 
at constant speed, offers new 
potentialities in the use of pho- 
tographic instrumentation for 


high-speed motion analysis. 


May we supply further informa- 
tion? Or provide guidance in the 
potential application of Dynafax 
(or any other of the Beckman 
& Whitley High-Speed Cameras) 
to your problems? 


Beckman ¢ Whiley 


SAN CARLOS 11 e@ CALIF. @ U.S.A. 
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Laboratory and 
Engineering Equipment 


GEAR-TEETH COUNTER 


Direct-reading gear-teeth counter is 
unknown gear 
for pitch against test gears on panel 
(48, 64, 72, 80, 96 and 120 teeth). 


Adjustable sine bar is set for proper 


operated by checking 


pitch and unknown gear is slipped 
into wedge-shaped area. Vertical scale 
reads directly in number of teeth when 
gear binds in wedge. PIC Design Cor- 
poration, 477 Atlantic Ave., East 
Rockaway, a N.Y. 


Circle 554 on postcard at end of book 


SERVO TESTER 


The 100-C is a signal generator de- 


signed for servo test. It generates 
frequency and_tran- 


sient response tests of servo compon- 


waveshapes fot 


ents and systems. These include forcing 
voltages for servo proper and acces- 
sory waveshapes for display on cath- 
ode-ray oscilloscope. Outputs are low- 
frequency signals for d-c servos o1 
suppressed-carrier modulations for a-c 
servos. Controls provided for data fre- 
quency, signal amplitude, carrier and 
data phase. Data frequency 
is in two ranges: 0.01 to 1 cps and 0.5 
to 30 cps. 


coverage 
Typical applications — in- 
clude Bode and Nyquist plots of servo 
amplifiers, velocity 
Real-time 
generated 


positional and 


loops, and servo motors. 


transient response can be 


and measured. Industrial Control Co., 
Central Ave. at Pinelawn, Farming- 
dale, L.I., N.Y. 

Circle 555 on postcard at end of book 


DISTRIBUTED AMPLIFIER 


Capable of amplifying sine waves, 
symmetrical signals or fast pulses, 
Model 1004 rack-mounted amplifier fea- 
tures bandwidth of 10 to 90 me and 
phase substantially linear 
within pass band. Gain is 40 db, nomi- 
al, with noise figure better than 8.5 
db at 85 mc. Amplifier delay is ap- 
proximately 0.03 psec. Input and out- 
put impedance is 300 ohms. Power 
supply is self-contained. Space re- 
quired is 19 x 514 (height) x 7 in. 
Community Engineering Corp., Box 
824, State College, Pa. 

Circle 556 on postcard at end of book 


response 


COMPONENT 
LIFE-TEST OVEN 


Elevated-temperature, thermostatically 
controlled life-test oven, with internal 
power-supply and test-facility circuitry, 
handles 660 bi-polar components or 


a 
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330 tri-polar devices. Standard units 
are rated 125 C max. Components are 
carried in low-resistance electrical 
clips on plug-in mounting racks of 
expanded metal. Teflon-insulated wir- 
ing terminates in patch panel above 
oven. Test circuitry is rated at 750 
volts and 5 amp with resistance less 
than 0.5 ohm. Power requirements are 
1600 watts at 115 or 230 volts and 
50 or 60 cps. ITT, Components Div., 
815 San Antonio Rd., Palo Alto, Calif. 
Circle 557 on postcard at end of book 
(Continued on page 280) 
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MINIATURE 
INDUSTRIAL 
QUALITY 
SOLENOIDS 


MULTI-MILLION CYCLE 
PERFORMANCE! 


The DECCO 01 and 02 series, miniature sole- 
noids have the same quality and performance 
standards as the well known standard size 
DECCO solenoids. 


From silicon steel laminations to new, thirty- 
second coil replacement feature they incorpo- 
rate the best in quality and engineering. 


If you have a miniature solenoid application, 
the DECCO “0” series is the answer. Write for 
bulletin #581 for complete details. 


RS DETROIT COIL COMPANY 
>= 2435 Hilton Road * Ferndale 20, Mich. 
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IRF 


Shown above are some of the many 


Rogan knobs available from s 
stock molds. Fast delivery. NOU Ma ele Mie] 8s 


Special shaft holes at nominal cost. OR 
Send for details and catalog. CUSTOM MOLDED 


ROGAN 10}. 
BROTHERS OU melvi m ase 


8027 N. Monticello +* Skokie, Illinois 
AMERICA’S FOREMOST MOLDERS AND BRANDERS OF PLA . C KNOBS 


JUNE 1960 Circle 307 on Inquiry Card 





TONOX 


EPOXY CURING AGENT 


for encapsulating 
electrical components 


gives LONG POT LIFE 


® high strength 
@ high heat distortion point 


®@ minimum vapor hazard 


and skin staining 
@ low cost @ high moisture resistance 


Write for information 


Naugatuck Chemical TS 


Division of United States Rubber Company 
658X Elm Street, Naugatuck, Connecticut 
Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclsimed Rubber - Latices 


CANADA: Naugatuck Chemicals Division, Dominion Rubber Co.. Ltd.. Elmira, Ontario - CABLE: Rubexport, #1. 7. 
Circle 308 on Inquiry Card 


SRSA VR ENS 


Encapsulated 
Bobbin 
Paper Interleave 


Cotton Interweave 
Form Wound 
a llolaMm eli el-teelitlae= 


Send us your coil 
specifications for quotation. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn, 
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Save Threading Costs! 
GET YOUR THREADS FREE 


by fastening with 


PALNUT’SELF-THREADING NUTS 


Pic ur lie ibm eum) Mea me i 
turning on unthreaded studs, rods, wire and pins 


¢ Low in price 
e Easy, fast assembly 
¢ Strong, vibration-proof grip 


-P 
. Ww Spring-tempered steel PALNUT Self- 
threading Nuts apply like any ordinary 
nut, using standard tools or PALNUT high- 
WASHER TYPE—STYLE SD speed magnetized wrenches. Always as- 


One-piece self-threading nut performs semble perfectly—even on off-angle studs, 


functions of ordinary nut, lockwasher 
and fiat washer. Resilient washer base 
avoids distortion of sheet metal or 
damage to fragile parts. Several base 
diameters; also with bonded-in plastisol 
compound to seal out water and dirt. 
Sizes for Ye", 2”, ~e” and Ys” dia. 
studs and rod. 


in confined space, against curved surfaces 
Provide vibration-proof grip, seated or 
unseated. May be removed and re-used on 
same stud. Use them on zinc die cast studs, 
plated or unplated; also steel, brass, alumi- 
num, high-impact plastic or any malleable 
material. 


REGULAR TYPE—STYLE SR ACORN TYPE—STYLE SC 


For assemblies where space is limited. 
Uses shorter studs, less seating area. 
Competitive with push-on fasteners, 
assembles fast, assures tight assemblies. 
May be used with internal wrench. 
Sizes for Ve", /s2” and je” dia. rod, in 
various hex widths. 


Decorative, dome-shaped self-threading 
nut covers end of studs or rods to pro- 
tect against scratching, snagging or 
tearing, while adding a pleasing ap- 
pearance. Costs less than threaded cap 
nuts. Sizes for Ye”, 5/32” and 6" dia. 
studs and rods. 


Write for Bulletin 585-A and Free Samples, 
stating style, size and application. 


wr 


THE PALNUT COMPANY 


Division of United-Carr Fastener Corp 
66 Glen Road, Mountainside, N. J. 
Canada: P. L. Robertson Mfg. Co., Ltd., Milton, Ont. 


LOCK NUTS and FASTENERS 
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VACUUM GAGE 


Cold-cathode-type discharge gage DG- 
10 for measurement of high vacuum 
has a range from 10°! to 10°° mm Hg. 
System consists of gage tube, control 
circuit and meter. In operation, volt- 


age is introduced between gage cath- 
ode and anode; resulting d-c current 
between electrodes is proportional to 
amount of gas present, which corre- 
sponds to system pressure. Triple scale 
provides direct-reading indication of 
pressures. Cathode and anode can be 
quickly replaced when they become 
contaminated. F. J. Stokes Corp., 5500 
Tabor Rd., Philadelphia 20, Pa. 


Circle 558 on postcard at end of book 
HARDNESS GAGE 


Model 1500 gage is used in measuring 
hardness of materials such as rubber 
and plastics. Gage indicates hardness 
in Durometer units that comply with 
ASTM specifications for rubber hard- 
ness. Vernier reads directly to 5 points 
which permits interpolation to about 
2 points with average vision. Runner 
is pushed down for new readings in 
manner similar to tire gage. Gage has 
hardened steel indentor which comes 
in contact with material being tested; 
indentor pushes up runner of vernier 
by direct contact; runner is then held 
by friction so instrument can be re- 
moved and read elsewhere. Rex Gage 
Co., Box 46, Glenview, Il. 


Circle 559 on postcard at end of book 
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EFFICIENT 
ECONOMICAL 


Made in strip form, and 

supplied on reels, AUTO- 

BANDS are automatically 

fed into a new type machine 

to provide tight, permanent, 

cost-saving joints in electric 

: wires, sizes #20 to #14, as 

fast as they can be positioned by operator. In a single 

operation, the band gathers every strand of both wires 

and joins them in a union that meets strong pull tests and 

withstands molding pressures. No cutting punches used. 

New technique bands one, two or three wire cords; 

stranded to solid wires; two separate wires to single 

one; or a variety of combinations. Continuous wires from 

either side can be located quickly at full vision rolling 
tool. Bands may be numbered for identifying leads. 

Sample AUTOBAND applications sent on request, or 

made to your specifications. Send wires and instructions. 


Electric Terminal Corp., P. 0. Box 2217, Providence 5, R.I. 
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RAJAH SPRING SNAP ROS lng em TU cera 


SOLDERLESS TERMINALS 


Merely push the terminal on the nr) es contactors 


base stud, and it snaps into place 

making a positive electrical con- 

nection. To remove just pull it off; ROSITE’S unique arc-quenching feature helps insure max- 
no screws to bother with. no springs imum interruption capacity with long contact life. Snuffing 


is assisted by a release of gas from the ROSITE chutes 
whenever struck by an arc. This characteristic is provided 
by one of a family of ROSITE compositions especially 
designed for such uses. The gassing characteristic is 


THE RAJAH COMPANY permanently built into the material for use through 


millions of operations. 

35 VERONA AVE., NEWARK, N.J. This kind of superlative electrical performance can bring 
your product closer to the perfection you’re aiming at. 
ROSITE fits best where severe service conditions such as 
heat and arcing must be met, and also, where dimensional 
stability and excellent insulating characteristics are 
required. 


to bruise fingers. 


Write for descriptive folder 
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Our engineers will be glad to discuss ROSITE’S possi- 
bilities with you. Contact Rostone Corporation, 2405 So. 
Concord Road, Lafayette, Indiana. SHerwood 2-8471. 
Popular package is , 
ee y 8-oz. can fitted with 
making Dies and |. Bakelite cap holding 
, ee soft-hair brush for ap- 
aC CET) plying right at bendhe 
metal surface ready for 
layout in a few minutes. 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


Write for somple 

on company letterhead 
THE DYKEM COMPANY 

e St. Lovis 6, Mo. 


SEND FOR THE ROSTONE STORY 


Complete brochure on cold and hot-molded 
ROSITE: applications, characteristics and 
facilities for production. Write today. 





In Canada: Electro Porcelain, Ltd., Waterloo, Ontario, 
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“Telephone Quality” 
Stromberg-Carlson 


RELAYS 


... featuring new high-voltage 
types for test equipment or other 
high-voltage applications. 


THE insulation in the new relays 
withstands 1500 volts A.C.—three 
times normal. These high-voltage 
models are available in Types A, 
B and E. They are the latest addi- 
tions to the Stromberg-Carlson line 
of twin contact relays—all avail- 
able for immediate delivery. 

The following regular types are 
representative of our complete line: 

Type A: general-purpose relay 
with up to 20 Form“ A” spring com- 
binations. This relay is excellent 
for switching operations. 

Type B: a gang-type relay with 
up to 60 Form “A” spring com- 
binations. 

Type BB: relay accommodates 
up to 100 Form “A” springs. 

Type C: two relays on the same 
frame. A “must” where space is at 
a premium. 

Type E: has the same character- 
istics as the Type A relay, plus uni- 
versal mounting arrangement. In- 
terchangeable with many other 
makes. 

Details on request. In Atlanta 
call TRiniry 5-7467; Chicago: 
STATE 2-4235; Kansas City: HAr- 
RISON 1-6618; Rochester: HUBBARD 
2-2200; San Francisco: OXrForp 
7-3630. Or write to Telecommuni- 
cation Division, 117 Carlson Road, 
Rochester 3, New York. 


STROMBERG -CARLSON 


A DIVISION OF 


GENERAL DYNAMICS 
| ae 


282 Circle 315 on Inquiry Card 


PORTABLE 
TEMPERATURE CHAMBER 


Temperature test chamber 7000A is ca- 
pable of accommodating rack-mounted 
electronic equipment. Prolonged tem- 
perature runs with stability to within 
v2 deg F over range 100 to +500 F 


can be made. With auxiliary timer-con- 
trol unit, chamber can be pre-set for 
automatic hot-cold cycling at alternate 
temperature levels 
perature range. 


throughout tem- 
Liquid CO, is used 
for cooling. Large access port ac- 
commodates all feed-through connec- 
tions. Delta Design, Inc., 7460 Girard 
Ave., La Jolla, Calif. 


Circle 560 on postcard at end of book 


TEST PROBES 
“Grip-Tip” 
nectors and jumpers offer quick, 


series electronic test con- 
posi- 
tive connection to hard-to-reach wires, 
chassis 
elements. Probes can reach down into 


solder lugs, terminal pins or 


elements that are only 0.187 in. apart. 
Probe tips are phosphor bronze. Jump- 
er series, for temporary connection of 
components, are available for 1000- or 
5000-volt applications. Electro-Lami- 
nates, Inc., 77 Florida St., Farmingdale, 


as ae as 
Circle 561 on postcard at end of book 


DECADE AMPLIFIER 


Model 140-B amplifier features re- 
sponse from 1 cps to over 3 me, 40- 
volt output and 10-megohm input im- 
pedance. Self-contained power supply 
is electronically regulated. Switch-se- 
lected gain is 1, 10, 100 and approxi- 

(Continued on page 285) 


Need to know 
about 


Casting Resins 
and 
Application 
Techniques 
for 
Embedment, 
Encapsulation 
and 


Impregnation 


2 


In a 52-page reprint booklet—one of the 
design compendium series — ELECTRICAL 
MANUFACTURING editors have brought to- 
gether eight previously published articles 
dealing with the embedment, encapsula- 
tion and impregnation of electronic cir- 
cuit units and components. Individual 
articles cover property data on casting 
resins; evaluation tests on resin systems; 
results of environmental tests on em- 
bedded units; process-control problems. 
An annotated bibliography of selected 
technical articles on electrical insulation 
provides a useful reference tool for 
checking on basic research and applica- 
tion techniques developed over the past 
decade. 


CONTENTS 


The Epoxy-Resin System for Embedded 


Circuits and Components 


Automatic Machines for Cast-Resin 
Applications 


Polyester Casting Resins for Rigid Insu- 
lating Parts 


Problems in Casting Electronic Components 


Effects of High Humidity on Dielectric 
Properties of Casting Resins 


Copper-Inert Flexible Coil Encapsulation 


Environmental Tests for Embedded Elec- 
tronic Units 


Resin-Embedment Process for 
Electronic Package Design 


Price: $2.00 


Optimum 


See Order Form on page 208. 
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For more details on Anaconda Nylac’s unique combination of useful characteristics, please turn the page— 


When you must wind fast, tight, and meet high temperatures, too, 


SPECIFY NYLAC SOLDERABLE MAGNET WIRE 


The faster vou wind and the tighter your space factor—the 
more you should consider the 
Anaconda Nylac Magnet Wire. 
For Nylac is Anaconda Analac with a tough, Nylon film 
Outel covering. 


advantages offered you by 


The Nylon provides outstanding slipperiness 

and abrasion resistance— these tight-winding characteristics 

enable you to make compact, easily shaped, uniform coils. 
Yet Nylac incorporates many Analac. For 


example, it gives you easy, fast solderability without stripping. 


features ol 


It also has excellent moisture resistance 

In addition, Nylac offers you high dielectric strength, high 
thermoplastic flow temperatures, excellent flexibility, resistance 
to hot varnishes and potting compounds. And—it meets all 
130°C (ATEE Class B) requirements. 

So by and industry-accepted 
insulation, with a newer but thoroughly proven film covering 
Analac Anaconda’s Ny/lac is a new solderable Class B Magnet 


combining Nylon, an old 


ANATHERM 





PLAIN ENAMEL 


Wire especially designed to overcome the strains of today’s 
high-speed winding equipment and tight space factors. 

The next time you face these and other winding problems, 
contact your nearest Anaconda Wire & Cable Sales Office. Our 
technical staff and Research and Development Laboratory 
facilities are available to give you every assistance possible See 
the Man from Anaconda. Or write: Anaconda Wire & Cable 
Company, 25 Broadway, New York 4, N. Y. 


Ask the man from 


ANACONDA 


about 
NYLAC MAGNET WIRE 


FORMVAR ANALAC 





Anaconda” Nylac film-coated magnet wire has a Nylon 
Analac 
(polyurethane) insulation. Nylac is a solderable wire that 


enamel outer surface over a film of Anaconda 
meets 130°C (AIEE Class B) thermal test requirements. It 
has outstanding windability and varnishability for severe 
process conditions, and exhibits excellent heat shock char- 


acteristics. 


TECHNICAL PROPERTIES 


Nylac has high dielectric strength It has excellent electrical 
properties for all applications except high “Q™ coils where dis- 


sipation factor should be as low as possible. 


DIELECTRIC STRENGTH 


Moisture environment of sample Volts per mil of insulation 


Dry 3580 
Room Conditions 2560 
Six hour 

humidity at 100 F 1310 


at 100% relative 


DIELECTRIC CONSTANT AND DISSIPATION FACTOR 
(Measured with capacitance bridge) 


Frequency % 
Cycles 
Per Second 


Dielectric 
Constant 


Dissipation 
Factor 
; 100 C 25% 100 C 
10? az 10.7 2.4 11.4 
10 } 8.9 2.2 21 
104 3.5 6.2 2.8 18 
10° 3.3 4.8 2.8 6 


Nylac is 


conductor. Nylac wire survives severe abrasion, stretch and flex- 


i strong flexible insulation. It adheres well to the 


NYLAC 
MAGNET 
WIRE 


OMS928 


ANACONDA WIRE & CABLE COMPANY 
25 Broadway, New York 4, N. Y. 


New Nylac Booklet 
Latest information 


yours for the asking. 
full technical data. 
Mail coupon for your copy. 


I am interested in learning more about the excellent properties 
of Nylac Magnet Wire. Please send me your new technical 
booklet DM5928. 


NAME & TITLE 


COMPANY 


Important Facts 
about 


ing in high-speed, high-tension winding operations due to the 
tough Nylon overcoat. The wire will take short radius corner 


bends without cracking. 


Nylac has outstanding resistance to chemical attack, It will 
withstand 24 hours’ immersion at room temperature in solvents 
including naphtha, Xylol, ethyl alcohol, chlorothene, methanol, 
sulfuric acid and | 


and in 5 potassium hydroxide. 


THERMAL STABILITY 


Nylac meets the 139°C 
(AIEE Class B) requirement. 
Graph 1 indicates 20,000 
hours’ life at 135°C for un- 
varnished samples. Var- 
nished sample data, available 
on request, indicates over 
30,000 hours at 130°C, 
Nylacisnot recommended 
for use where severe thermal 
overloads may be encoun- 


tered. 


NYLAC MAGNET WIRE 


HEAT SHOCK UNVARNISHED AIEE 57 TEST 


1 HR. AT 155°C 
Mandre! Diameter (Multiple of Wire Diam ) 
Prestretch 1x 3x 5x 10x 
0% pass pass pass pass 
10% pass pass pass pass 
15% pass pass pass pass 


20% pass pass pass pass 
25% pass pass pass pass 


Thermoplastic flow temperature 


265 C using 5 C per minute rate of rise 


Nylac wires solder without pre-stripping at practical solder ¢ 


temperat ures, 


Solder 


Wire Size Temperature 


15— 18 15 
19—25 10 


26—30 4 
31—46 4 


Time-Seconds Sample 


360 C Twisted 
360°C Pair 


360°C 
360°C 


Wrap on 
20 gage 
mandrel 
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mately 700. Applications include 
vibration studies. H. H. Scott, Inc., 
Instrument Div., 111 Powder Mill Rd., 
Maynard, Mass. 
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TEMPERATURE CHAMBER 


Point control of +0.1 deg C in repeata- 


It would take you over three months 


to walk past Harper’s 
complete stock of 
corrosion-resistant 
fastenings... 


Harper manufactures and maintains the world’s largest stock 
of standard and non-standard fasteners in Stainless Steel, 

Brass, Monel, Silicon Bronze, Naval Bronze, Aluminum, Copper, 
Titanium, and other corrosion-resistant alloys. Harper's 
operation is complete—from elements, biilets and extruding to 
rolling and fabricating parts—uniform quality control that 
assures you of the finest parts that money can buy, yet includes 
the economies that only an integrated operation can realize. 
This is another important difference that separates Harper 
from other fastener companies all over the world. 

Harper distributors everywhere maintain complete stocks 

for immediate delivery. See your Yellow Pages. 


bility, speed of response, and on-off | 
differential plus temperature variation 


within 6-cu-ft Write for your free copy of new, factual, 


of less than 1 deg C 
informative 24-page “CORROSION GUIDE." 


chamber are provided by environ- | 
mental chamber Model 6L-A2-20. Sin- | 
gle-chamber cabinet temperature range 
is 20 to —85 C. Machine affords 


of 


THE H. M. HARPER COMPANY 


8208 Lehigh Avenue «+ Morton Grove, Iilinois 
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complete recovery in 10 min with 1000 
Btu product load at 65 C. Door is 
made to accommodate variety of sizes 
and shapes of fixtures for holding 
parts during test. Door and cabinet 
trim, drip tray, and interior are 304 
stainless steel. Harris Refrigeration Co., 
308 River St., Cambridge 39, Mass. 
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GAUSSMETER 


Model G/M-50 gaussmeter is used in 
electrodynamic _ vi- 
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conjunction with 
bration systems for measurement of 
stray magnetic field at critical speci- 
men locations. Full-scale range is 50 
accuracy is +10 per cent of 


ANOTHER BIG HARPER 


full scale. No electronic or external 


| TOO 


Bala 


(Continued on page 287) 
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ONE handy directory for 


© PRODUCT SOURCES 
© ADDRESSES Yur 


e TELEPHONE NUMBERS 
e TRADE NAMES ” 
e SIZE INDICATORS 

e@ MECHANICAL DATA 


Conover-Mast Purchasing Directory 
can be kept right at your desk 


Because C-MPD is designed for industrial buying it is com- 
pact...yet complete. And now you can use it for checking 
telephone numbers of companies that sell to industry. Never 
before has so much information been put into one volume for 


industrial Purchasing Agents. 


286 
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Conover-Mast 
Purchasing Directory 


205 E.42nd Street © New York 17,.N. Y. 


Murray Hill 9-3250 
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connections to hand-held meter are re- 
quired. Meter is directionally  sensi- 
tive, providing indication of direction 
of lines of flux as well as magnitude. 
Wrisley Engineering, Inc., Box 56, 
Winchester, Mass. 
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HIGH-VOLTAGE 
SCHERING BRIDGE 


General-purpose __ bridge measures 
power factor and capacitance of elec- 
trical insulating materials while sub- 
jected to high voltage stress. From 
measured values and physical dimen- 
sions of sample and test electrodes, 
dielectric constant, loss factor and 
other values may be calculated. Capaci- 
tance range, 0.0000025 to 1.0 yf. Built- 
in shunts provided for testing large 
capacitances without additional equip- 
ment. Capacitance accuracy, +0.2 per 
cent and tangent accuracy 2.0 per cent 
or better. Industrial Instruments, Inc., 
89 Commerce Rd., Cedar Grove, N. J. 

Circle 565 on postcard at end of book 
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soiderless 
terminals 


Speed and simplify 
wire insertion... 


...insure maximum 
holding power 


Funnel-edged barrel for fast, 
easy insertion of wire. 


Full “%4" long shank makes wire 
location easier for fast crimping. 


EXTRA Wide crimping area assures 

ADDED permanent, vibration-free and 

FEATURE moisture-proof connections, 
Multiple V-notched internally Beveled O.D. 


for better contact and maxi- 


mum holding power. 
@ Available in a wide variety of types and styles. 


@ Made of pure soft copper for high conductivity and electro-tin 
plated for maximum corrosion resistance. 


@ Load capacity greater than wire itself. 

@ Constructed in one piece for economy and strength. 

@ Quality controlled for dimensional and electrical uniformity. 
@ Wire ranges clearly marked on all terminals. 


@ Stocked in 22-16, 16-14, 12-10 wire ranges. 


Insulated Solderless Terminals Also Available 


Write for new Malco Solderless 
Terminals Bulletin No. 601 


MANUFACTURING COMPANY 
4021 WEST LAKE STREET CHICAGO 24, ILLINOIS 
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PRODUCT INDEX for this issue 


a 


Components, parts and materials described in this issue's editorial and advertising pages. 


Key: page number only indicates advertisement; letter “e” with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL ELECTRONIC 


Attenuators—230e 
Capacitors—74, 84, 135e, 171, 
225, 226e, 229e, 247e 
Choppers—220e 
Clutches—160e 
Contact devices 
Brushes and brush holders—263, 290 
Commutators—234e, 254 
Contacts and contact points—4, 32 
Slip rings—230e, 254 
Control systems—67, 179, 184, 203, 230e 
Cooling equipment—162e, 266e 


177, 224e, 


Electron tubes 
Receiving—186e 
Special—215, 252e, 256e 
Fans and blowers—186, 214, 220e, 255, 274e 
Filters—220e 
Fuel cells—220e 
Heating clements—248e, 258e 
Lights, indicator—193, 220e, 238e, 265 
Magnetic amplifiers—28 
Magnetic components 
Bobbins and core boxes—211, 223e 
Cores—68, 219, 247, 253 
Permanent magnets—62, 169 
Meters, panel—194, 231, 274 
Microwave devices—220e 
Potentiometers—223e 
Protective devices 
Fuses—27 
Thermal—Back cover, 48 
Relays 
General purpose—43, 165, 210, 212, 233, 
234e, 246, 247, 270, 276e, 291 
Industrial—43, 53, 189 
Mercury—248e 
Special—186, 194, 206, 270, 291 
Telephone—282 
Time delay—210, 222e, 252, 260, 269, 275 
Resistors—49, 75, 220e, 222e, 229e, 240e, 
244e, 264 
Seals and terminals, hermetic—224e 
Semiconductor devices 
Rectifiers and diodes—tinside front cover, 
40, 69, 135e, 222e, 238e, 267, 276 
Thermistors—213, 224e, 240e 
Transistors—65, 135e, 197, 238e, 257, 267 
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Varistors—240e 
Servo components—79, 230e, 268e, 270 
Shielding devices—260e 
Solenoids—163, 279 
Static switching elements—21, 267 
Switches 
Controllers and contactors—35, 43, 189, 
216, 223e, 232e, 235, 252 
Limit—36, 82, 251 
Mercury—226e, 252 
Pressure—276e 
Proximity—222e, 229e 
Pushbutton—58, 189, 222, 266e 
Rotary—183, 258e 
Snap action—254e, 273 
Stepping—47 
Timers—63, 175, 228 
Transducers 
Linear displacement—81, 220e, 229e, 250e 
Special—86e, 223e, 224, 238e, 262 
Thermocouples—223e, 265 
Transformers 
Electronic—1l4, 230e, 236e 
Industrial—182, 229e 
Wire and cable—42 
Hookup—42 
Magnet—55, 261, 284, 289 
Ribbon cable—224e, 272e 
Wiring devices 
Cable clamps and clips—269 
Connectors—188, 204, 236e, 238e, 252e, 
281 
Cord sets—29, 42, 182, 240, 245 
Plugs and jacks—236 
Terminals—Inside back cover, 195, 230, 
281, 287 
Terminal blocks—240e, 256e, 258 


COMPONENTS, 
MECHANICAL /STRUCTURAL 


Actuators—270e 
Bearings—1, 30, 37, 71, 134e, 224e, 237 
Bushings—258 
Clutches—232e 
Fasteners 
Bolts and nuts—229e, 264e, 269, 280, 285 
Pins—241 
Quick-operating—201, 262e 
Screws—174, 229e, 269 


Gears—25, 226, 226e, 229, 229c, 230e 
Housings and enclosures—198, 239 
Knobs, handles—234e, 279 
Mounting hardware—260e 
Nameplates—224e, 272e 
Oilers—268e 

Plastics parts—42, 223¢ 
Pulleys—67, 224e 

Seals and gaskets—240e, 263e 
Springs—266 

Timers—226, 263ce 


COMPUTERS AND 
COMPUTING COMPONENTS 


162e, 220e, 222e, 242e, 244e, 272e 


DRAFTING MATERIALS AND 
EQUIPMENT 


Reproduction materials—24 
Tracing cloth—223e 


DRIVES 


Electrical—67, 160e, 205, 254e 
Mechanical—247e 


INSTRUMENTS AND TESTS 
EQUIPMENT 


Amplifiers—230e, 240e, 278e, 282e 

Calculators—248 

Environmental chambers—222e, 278e, 282e, 
285e 

Generators, electronic—181, 230e 

Meters—56, 226e, 244, 285e 

Oscilloscopes—220e, 277 

Power supplies—13, 78, 159, 200, 220e, 229e, 
232e, 250e, 270e, 274e 

Recorders—45, 234, 244 

Special test equipment—222e, 223e, 226¢, 
230e, 232e, 278, 278e, 280e, 282c, 287c, 
292 

Tachometers—224e 


MATERIALS, 
ELECTRICAL ELECTRONIC 


Conductive materials—33, 202, 243, 262e 


ELECTRICAL MANUFACTURING 





Contact materials—4 
Insulation and dielectrics 
Casting resins—73, 213, 279 
eramics and glass—204, 213, 275 
Fubrics—51 
Laminates—46, 173, 227, 234, 281 
Mica—187 
Molding compounds—90e, 193, 221, 259, 
271 
Tape—8 
Tubing—60, 207, 222e, 223e, 236, 260e 
Varnishes—226e, 263e 
Wedges, slot—2 
Magnetic materials 
Electrical steel—23, 217, 256, 
Solder and flux—250 


MATERIALS, 
MECHANICAL STRUCTURAL 


Adhesives, cements, sealants, waxes—236e 
Brazing alloys—57 
Metals 
Aluminum—80 
Copper, brass, bronze—186e, 226e 
Metal forms 
Tape—32 
Thermostatic bimetal—249 
Tubing—32 
Wire—240e 
Non-metallic materials 
Ceramics—229 
Elastomers—226e 
Plastics compounds and resins—193 
Protective coatings 
Chemicals—16, 254 


MOTORS AND GENERATORS 


Fractional-hp motors—22, 67, 72, 77, 190, 
199, 214, 223e, 234e, 242e, 250 

Gearmotors—61, 205, 214, 218, 264e 

Integral-hp motors—15, 22, 41, 67, 190, 199, 
211, 214, 223e, 235, 242e, 250 

Motor-generator sets—67, 272 

Special—18, 77, 125e, 167, 174, 175, 190, 
232, 247e, 268, 275 


PRODUCTION EQUIPMENT, 
TOOLS 


Coil winding—218 

Layout fluid—281 

Processing equipment—33, 178, 180, 224, 
242, 273 

Wiring machines—Inside back cover 


SERVICES 


Coil winding—230, 279 

Data processing—184 

Metal fabrication—38, 178, 262 
Miscellaneous fabrication—52, 220¢ 
Plastics fabrication—34, 39, 70, 229e 
Transportation—192 
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THESE ARE SPRAGUE'S TWO OUTSTANDING 
HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
uP 10 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


CERAMIC Miley. CERAMIC 


INSULATION 9 INSULATION 
THIN 
SILICONE 
FILM 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


CERAMIC 
INSULATION 
SINGLE 
TEFLON 

OVERLAY 


CERAMIC HEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


” 
an 


eee 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 


THE MARK OF RELIABILITY 
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CAPTIVE TYPE 


CARBON BRUSH 
HOLDERS 


SUPPLEMENTING OUR REGULAR LINE 
for low-budget applications 


WITH OR WITHOUT INSERTS 
° 


Various 
insulating 
Materials 


SEND 
YOUR PRINTS 
FOR QUOTATION 


TRIPLE *‘M’’ ELECTRONENTS DIVISION 


for Electrical Applications 


123 Rotary Drive 
GURNEE. TLLINOIS 
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Miniature 
LATCH-IN 


Class 11L 


Made of two miniature telephone type re- 
lays mounted on a common base. The relay 
armatures are mechanically interlocked — 
when one is energized and pulls in it resets 
(releases) the other armature and becomes 
latched-in. 


Aside from the interlocking armature and 
common mounting each relay is complete — 
the two relays can be furnished with en- 
tirely different contact arrangements and 
for operation from different voltages or 
currents, 


The Class 11L Latch-in Relay is available 
for intermittent or continuous duty D.C. 
operation and for intermittent duty A.C. 
operation. 


Also available for plug-in mounting 


and with dust-tight or hermetically sealed 
enclosure. 


Send for catalog describing the 
Class 11L and the complete line 
of reliable Magnecraft Relays. 


era 


Electric Company 
3350A W. Grand, Chicago 51, Ill. 
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20a) TIMED OUTLET 


ele 


Look what happened when A. W ydon 
designed anew LABORATORY STOP CLOCK 


You just won't find these features in any other stop clock. This versatile timer-of-all-work 
was designed by engineers who understand timers and timing...and who needed a precise 
time reference in their own work. Timed outlet—energized whenever clock runs, sup- 
plies 115V, 60 CPS, 3 amp to time and control external loads simultaneously... manually 
or automatically. External Run Socket—for remote running, using a control cable... 
manually or automatically (when wired into a system). Clutchless timing mechanism 
needs no warm-up, make-ready or pre-start. Synchronous motor starts and drives 
instantly. No power consumed except during timing and reset. Independent RUN and 
RESET buttons for manual, local control. Schematic diagram and control circuitry silk- 
screened on bottom of housing for ready reference. @ Bench type precision stop clocks 
are available with optional remote control for manual or automatic running and/or reset- 
ting. Clocks operate on commercial 115V, 60 CPS power; accuracy is + 25 milliseconds. 
Low power drain: only 2 watts, timing. Sweep second scale calibrated 
in 10 millisecond increments; totalizer scale calibrated in sec- 

onds, up to 1 min. Sturdy instrument case requires only 41/4 
square bench space. For complete specifications, write for 
Bulletin ET-702. Ask also about panel-mounting versions. 


ee AWHY00N 
| COMPANY 
234 North Elm Street, Waterbury 20, Connecticut 
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BANDOLUG’ 


high speed automatic 


harness fabrications 


high production rate—up to 
1000 per hour...one machine 
installs all size and tongue 
variations on wire sizes #26-#12 
... stud holes from 2 thru °%”... 
minimum operator training 

and maintenance 


Burndy INSULUG® is insulated, pure 
electrolytic copper...meets or exceeds 
requirements of MIL-T-7928C... 

accommodates full range from #26-2/0 


HYDENT TERMINALS 


with MATCHING INSTALLATION TOOLING 
HY TOOL 


bench-mounted and 


manually-operated 


ratchet or full cycling control 
guarantees uniform, complete 
crimp on each installation... 
on MR8, one die set with 
muliiple grooves designed for 
conductor sizes #26-#10... 
M8ND & Y8ND have remov- 
able and interchangeable dies 
and same basic tool may also be 
used for HYFEN®, STAPIN®, 
and MODULOK?® contacts. 


OMATON DIVISION 


oe as rs. Ping > ” 


NORWALK, CONNECT. e@ BICC—BURNDY Ltd., Lancs., England @ In Continental Europe: Antwerp, Belgium @ TORONTO, CANADA 
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STEVENS 


e slash lead time 


THERMOSTATS 


® cut development costs 


e are realistically priced 


To check rising thermostatic control costs, 
check up on the Stemco thermostat line while 
your product is in the planning stage. Since the 
Stemco line is the broadest in the industry, 
there is a standard production-line Stemco 


Refe: » Guide 400E0O for t 


Adjustable or non-adjustable. Positive- 
acting, single-stud or nozzle mounting. 
Operation to 550°F . Rating: 15 amps non- 
inductive at 115 VAC, 8.3 amps at 240 
VAC. Spade or screw terminals. Bulletin 
1000. 


TYPE A*. 


oo 


Semi-enciosed and hermetically sealed 
styles. lisulated, electrically independent 
bimeta! disc gives fast response and quick, 
8 ction control. Operation from -10° to 
300F or higher on special order. Various 
mountings and terminals. Rated at 13.3 
amps non-inductive at 115 VAC. Bulletin 
3000. 


es 


a, 


Semi-enclosed and hermetically sealed 
styles. Independent bimetal disc construc- 
tion for operation to 300°F. Non-inductive 
ratings: 15 amps at 120 VAC, 7!2 amps at 
240 VAC. Bulletin 3500. 


Adjustable or non-adjustable. Also type 
SM* manual reset style. Snap-acting 
with electrically independent bimetal. Also 
single-pole, double-throw. Non-inductive- 
ioad rating 15 amps at 115 VAC, 744 amps 
at 230 VAC. Spade or screw terminals; 
single-stud or nozzle mounting. Bulletin 
2000. 


thermostat — or a minor variation thereof — 
to fill your special requirements exactly. That 


saves design and lead time . 


velopment costs . 
realistic cost. 


. Saves on de- 
. . gives a proven unit at a 


A-956A 


Baer manufacturing company, inc. 


P.O. Box 1007, Mansfield, Ohio 


THERMOSTATS 


Positive-acting, adjustable, for fry pans, 
skillets and other appliances. Fail-safe, 
open in low to 500°F in high. Rated at 1650 
watts at 115 VAC. Bulletin 10,000. 


For taundry dryers or other surface and 
warm air applications. Automatic and man- 
ual reset ae. Snap-acting disc type U.L. 
approved for operation to 300°F . Hated at 
40 amps non-inductive at 120-240 VAC. 
Open or enclosed styles. Bulletin 8000. 


Adjustable and non-adjustable styles, 
Positive acting for operation to 600°F. 
Rated at 15 amps at 115 VAC, 4 amps at 
230 VAC. Screw terminals. Bulletin 7000. 


TYPE M. 


~ Te 


wee 


= 


Semi-enclosed and hermetically sealed 
styles. Electrically independent bimetal 
disc type for appliance and apparatus ap- 
plications from -10° to 250°F. Rating: 8 
amps at 115 VAC, 4,amps at 230 VAC and 
28 VDC. Virtually any type terminal. Bul- 
letin 6000. 








